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—— similis. 1 25.0 dai ule) Ge npegueeedt Silurian --ss......: Can : 382 
— —, var. arcuatus, Pl. xx. D : eSATA Proccceeac aS 
EO ee cue ONDINE Sessch 2 ot 2 2 RE Ba 
eels ae Pl. xx. f. 21-23. |Carboniferous ...| Scotland ..... : 386 
? alveolatus. Pl. xx. f. 14,15 |Devonian......... \ (| 384 
chiromorphus. Pl. xx. f.10... San 381 
GLORIES, — le SDK tip BL ooo JP 381 
eontortus. Pl. xviii. f. 4...... Cincinnati ...... | 375 
coronatus. Pl. xx. f.9......... Silunmangeeecseee | 381 
—— ? digitatus. Pl. xix. f. 13 | | 376 
gracilis. Pl. xix. f.3 ..... ae Cincinnati ...... | 376 
major. Pl. xviii. f.1 ......... J | ]| 374 
manus: Pl. xxcf 18. .cs....+.07 . 384 
palmatus. Pl. xx. f.17 ..... : \ SITIES Mos oasanon | 384 
perdentatus. Pl. xviii. f. 6...) Ia. i 375 
simplex. Pl. xix. f.2 ...s000.. 1 Eee Ce anada eee | 376 
GUMIOUS I ok pxcxentepl Onmer rece Devonian........- 384 
varians. PI. xviii. f.2,3,5... |Cincinnati ......| | 375 
Glycerites calceolus. Pl. xx.f. 11. [Silurian ......... 384 
syleaius. Pl. xix. f.1...... aoe Bile ‘ 380 
——-, vars. PL xix. £10.00. | CANCE nosoce | 380 

<Lumbriconereites armatus. Pl. xx. a 
TES SES B BSS Siar eer terete aan (Silumianweeeeeener 383 
—— bqsalis. Pl. xix. f. 22......... J | | 383 
dactylodus. P\. xviii. f. 20... |Cineinnati ...... 380 
triangularis. Pl. xx. f. 4...... [Sulumialiy eee acne | : || 383 
Nereidavus solitarius. Pl. xx. f.12 |Devonian......... ) (| 385 
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ANNELIDA (continued). 


Cnonites amplus. Pl. xix. f. 23... |Silurian ......... ) () 382 
? carinatus. Pl. xix.f.19 ... |Cincinnati ...... 377 
—— compactus. PI. xx. f.13...... Devonian......... | 384 
cuneatus. PI. xviii. f. 11...... 1 \cincinnati 377 
curvidens. PI. xviii. f. 7...... ilies ba sage 1) 376 
fragilis. Pl. Xxx. f.30 css. Silurian ......... Benes || 382 
inequalis. Pl. xviii. f.8...... Cincinnati ...... a 376 
? infrequens. Pl. xx. f.2....... |Silurian ......... 382 
rostratus. Pl. xviii. f.10....., (Checheners 376 
serratus. Pl. xviii. £.9 ....., Pee ee 376 
Staurocephalites niagarensis. ee Qin is 
CRUSTACEA. 
Anthrapalemon Woodwardi. PI. 
IH fa de Oh, raiatnatessecisle ve aiseaeisiens Carboniferous....) Scotland ...... 468 
Macconochii. Pl. xxiii. f.10. 471 
Archzoniscus Brodiei. Pl.xiv. f.4 |Purbeck ......... Wiltshire ...... 348 
Bairdia ampla. PI. xxviii. f. 20-23, \ 
_ Pl. xxix. f.3, Pl. xxxii. f. 17, 18 571 
——  amputata. PJ. xxxi. f. 15-18 576 
—— brevis. Pl. xxxi. f. 1-8 ...... 575 
circumeisa. Pl. xxxii. f. 13-16 578 
—— curta. Pl. xxviii. f. 1-8 ...... | 567 

grandis. Pl. xxix. f. 1, 2...... tig ea 572 
—— Hlisingeri Pl. xxix, £ 4-10... f Carboniferous...) Britain......... 1 570 

mucronata. Pl. xxix. f. 11... 572 

nitida. Pl. xxxii. f. 9-12 ... | 577 

plebeia. Pl. xxviii. f. 9-19... 569 

precisa. P), xxxii.f.1-6 ... 577 
—— siliquoides, Pl. xxxi.f. 9-14... ) 576 
—— subcylindrica, Pl. xxx.f.14,15. |Carboniferous,...) Bavaria ...... 574 
— subelongata. Pl. xxx. f. 1-13, \ f 

LGM asneee he nick sciecatewmnaeie ane || 573 
—— subgracilis. Pl. xxx.f.17 .... : we 574 
wer Al ares Pi eae f Carboniferous.... ile 

feel UO er acs sareusspance cscs cte | i} 572 

Sj) Jab ps oat Ba Riv) it sieepecenenoe ) {| 578 
age HE Ph Bo) ocenessnsss: Isleof Wight. | 346 
Dithyrocaris testndineus. Pl. xxiii. ) ( 

Me riiemcaanctcestuectekestasstatahs 465 
DIE COMMIS SAS eeseherecle faite > |Carboniferous....) Scotland ...... 4| 466 
APY US XRAIS fe Diy naceecdedsss | || 466 

STO poacgnceresene Reece we) (| 467 
Bou OTE ORE aia Hocene.......++... France ......... 347 
wviatile. Pl. xiv.f.1 ..... , : 346 

a ae | aide ernie uals Wight. | 347 
Limulus syriacus. P). xxvi.f.6...  |Cretaceous ...... Sytia: Gs. 65.42: 554 
Necroscilla Wilsoni. Pl. xxvi. f. 3 |Carboniferous....| Derbyshire ... 551 
Squillq Lewisii, Pl. xxvi.f.4 ...... Cretaceous ...... Sywial ..cenes 552 
— pennata. Pl. xxvi.f.5........, Ooliter ere ess eee] Bavaria ...0 504 


—— Wetherelli. Pl. xxvi.f.1...... Hocene............| Highgate...... 549. 
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PoLyzoa. 
Fenestella crassa .sss.sseseeeeeneeees \ 
Membranacea ........-...eeeeee | 
NOdulosa .......eesseeeeee renee \ |\Carboniferous.... 
plebelas cenecscciuceeeaseeceeaes | 
-— polyporata...... nodecooosBobootes 
Mo.uvsca. 


(Lamellibranchiata.) 


Ambonychia? tumida, Pl. xxiv. 
1h 0) db sagndodoasvasspedsbopossendeoucnee 
Anisothyris tumida. “PL. vii. £. 2.. 


Corbula anes Pl. vii. f.3.. 
Dreissena acuta. Pl.vii.f.1 ...... 
Leda? ambigua. Pl. xxiv. f. 7...... 
Lutraria, sp. ...cccececeee dognqooadeo 
Modiolopsis acutiprora. Pl. xxiv. 
SO WPAN ane seheeGaee Soundongeosoas 
inflata. Pl. xxiv. f. 2............ 
Orthonotus navicula. Pl. xxiv. f.3 
Thracia, sp......... da000080000 Gonoa00080 
Unio, SP. vsrccccsresveceecs oogsac000d00000 


( Gasteropoda.) 


ASSIMINEA CLASSA ..ccesrecsercecnerses 
Cerithium coronatum. PI. vii. f. 5.. 
Cyclonema angulatum. PI. xxiv. f. 

MND Sar sesh ra seater iaeitatcin noiseless Glewistuneics 
— simplex. Pl. xxiv. f. NOs 
turbinatum. PI. xxiv. f.1 ... 
Frenella, Spe v.ccecsseccvccerecccveeessceee 
Holopella gracilis. Pl. xxiv. f.5.. 
hydropica. Pl. xxiv. f. 4...... 
—— minuta, Pl. xxiv. f.6......... 
Hydrobia dubia. PI. vii. f..11 ...... 
LUSG2y (V5 00000000000500000006000900000000 
Melania bicarinata. Pl. vii. f. 7... 
scalarioides. Pl. vii. f.8...... 
tricarinata. Pl. vii. f.6...... 
Melanopsis? Brownii. Pl. vii. f. 4... 
Murchisonia corpulenta. P\.xxiv.f.11 
elegans. PI. xxiv. f.8 ......... 
Neritina puncta. P). vii. f.9 ...... 
ziezac. Pl. vii.f.10 ......... 
Odostomia, sp. ...... Nels vie o/alefaisolslsceeee 
Pseudolacuna macroptera. PI. vii. 

1% 1 veedooosaaG00000 AOUOSOOCHOGIASANGLIGG 
Natica, sp. ...... 500060000000000 sGaoeotue 


2 Silurian 


Tertiary 


Silurian 
Tertiary 


Silurian 


Tertiary 


Silurian 


Tertiary 


Silurian 


Tertiary 


Silurian 


} Tertiary ......... 


Peer vocee 


‘Locality. 


Britain ..... sabe 


South Wales .... 


South Wales...... 
Brazilienecceneect 


South Wales...... 


Brazil ......+ 0.000 


Braziliwenecere 


..(South Wales ... 


| 


| Page. 


279 
280 
279 
278 
279 
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VERTEBRATA. 
(Pisces.) 
eee aid copriiadias Pl. x. Coal-measures.../Yorkshire ......00+ 
Distacodus i incurvus. Pl. xv. f. 9.. 
Drepanodus arcuatus. Pl. xv. f, | Cincinnati. ...... Canada.......... ie 
Hoplonchus elegans. Pl.x. f.12-14 
P i eae biserialis. Pl. x. f. Coal-measures...|Yorkshire ...... 
Mili fired dacaeec uate tacanersaaes rcs 
Pleurodus afinis. Pl. x.f. 1-11... 
Polygnathus coronatus. PI. aca Devonian.........|Camada......+...000-- 
—— erassus, PI. xvii. f. 3 ......... Devonian SeiNareaeatnenicn { 
cristatuse Pls xvii. fo 1 s..0-5))! | ee eee ie 
——?curvatus. Pl. xvii. f. 7...... Devonian......... Canadaepeseenercre 
—- dubius. Pl. xvi. f.6-18 ...... Devonian......... North America...... 
— duplicatus. Pl. xvi. f. 19...... | 
? eriensis. Pl. xvii. f.6 ...... Devonian....... »-(Canada........00. 
—immersus. Pl. xvi. f. 21...... J 
linguiformis. PI. xvii. f. 15... 
— nasutus. Pl. xvi. f. 22......... 
Datmatis EN xvii F716, 17--- iy evonians........|North Americas 
pennatus. Pl. xvii. f.8 ...... | 
princeps. Pl.xvi.f.23 ...... | 
punctatus. PI. xvii. f.14...... \ 
radiatus. Pl. xvi. f.20 ...... Tee 
=—? serratus. Pl. xvii. f.4,5 ... EIEN eotioc 20: Canada.........00. { 
——? simplex. PI. xvii. f.18 ...... ( 
— solidus. Pl. xvii. f.2 ......... | 
— truncatus. PI. xvii. f. 12, 13.. 
tuberculatus. P1. xvii. f. 9, 10 | 
Prioniodus abbreviatus. P1. xv. f. 
US) seach noc consngepancpospsceadboodobe i Devonian......... North America... 
acicularis. “BI xy. f. 18, lice 
2? alatus. Pl. xvi.f.5 ......... 
angulatus. Pl.xv.f.17 ...... | 
armatus. PI. xv. f.20,21...... 
clavatus. Pl. xv.f.16 ......... ) ( 
— elegans. Pl. xv.f.10 ......... Cincinnati ......|Canada............... 
erraticus. Pl. xv.f.14 ...... Devonian......... North America...... 
furcatus. Pl. xv. f.13 ...... Cincinnati ...... Canada...........005- 
Panderi. Pl. xvi. f. 4 ......... Devonian......... North America...... 
abe: ae : 
? politus. Pl. xv. f.11,12 ... |Cincinnati ... 
radicans. Pl. xv. f. 1-6 ...... IChazy ......... | Canada.........++. 
spicatus. Pl. xvi. f. 1-3 ...... Devonian......... North America.... 
Myliobatis or Zygobatis, sp. Pl. ea Tertiary ser /0-|Braail cme ce: 


Xill 


Page. 


185 
357 
357 
183 
186 
181 
365 


365 
366 


364 
366 


xiv FOSSILS FIGURED AND DESCRIBED. 


Name of Species. Formation. | Locality. Page. 


VERTEBRATA (continued). 


( Reptilia.) 

Acanthopholis Cucercus ..sccocrerserse \ 632 
—— horridus...... 9nd0e726000000¢ Booed ; ay, Ge 596 
SLETCOCEV CUS ...00.00.0cecrecreee ‘| 628 
A (AXIS) etree cee eaes etic euaces ss Greensand ...... Cambridge ,,.... 594 
Anoplosaurus curtonotus. Pls.xxxiv. : 
AINGLESS.9%5  qnogadoqsedaedsBoboDoGEEBOC 600 
SH OTE pac aeRO CCCP EE GSCI ORDEROEE 631 

Endothiodon bathystoma. PI. xxvii. 
| Lect as SS ace ear adcmcoce aecidae Trias ............/South Africa ... 557 
uniseries. Pl. xxvii. f.2-5 ... 559 
Eucercosaurus tanyspondylus......... Greensand ...... Cambridge ......... 613 
Megalosaurus Bucklandi. Pl. xii... |Oolite ............ | REPRE DE. rongen asec Bolt 22883 
SYNGONOSAULUS MACTOCETCUS .....200. Greensand ...... \Cambridge ,........ 621 
Theriosuchus pusillus. PJ. ix. ...... Purbeck <...ee-. IDXOrES3) 5 sonooso50u3-000 148 
Titanosuchus ferov. Pl. xi. ......... HNPEISS Snanecosodu0 South Africa ...... 198 
Vectisaurus valdensis. Pl. xxi. ... |Wealden ......... Isle of Wight ......| 421 

(Mammaiia.) 

Halitherium Schinzi? Pl. xxv. f. % 
9 4b codoogoacgaa0006 d9noge000 ga00000 od00 . 525 
Mastodon angustidens. Pl. xxv. f.5 EIDE coos 92003 BIEN oe 2a 523 
Phoca rugosidens. Pl. xxv. f. 1-3... 524 


Stonesfield femur and humerus .,. (|Oolite ............ Stonesfield .........| 456 


EXPLANATION OF THE PLATES. 


ee Pace 
Mar AnD Suction and Microscortc Sucrions, to: illustrate 
na Dr. C. P. Sheibner’s. paper on Foyaite ......... Soeoodoa0gnD0C a 42 
ae Microscopic Sections or StROMATOPORID®, to illustrate Dr. 
Vv. J. W. Dawson's paper on the structure of Stromatoporide 48 
; VI Microscorrce Sections or LorrustA CoLuMBIANA, to illustrate 
Dr. G. M. Dawson’s paper on a new species of Loftusia... “69 


Amazontan Trrtrary Fossis, to illustrate Mr. Etheridge’s 
Vil. Appendix to Mr. C. B. Brown's paper on the Tertiary de- 
4 posits on the Solimées and Javary rivers ...... Godacizo0c0000 »» 46 


CorALs FRoM Haxpoy, to illustrate Prof. P. Martin Duncan’s 


a paper on the Upper-Greensand Coral-fauna of Haldon... 89 


association of rial animals with the Mammals of the 


_ ( Dwarr Crocoprss, to illustrate Prof. Owen’s paper on the 
Ix 
Piirbeck Shales 1): cc2vk. seisidescet eieanstaVercodeatns. oeeeage « 248 


Carponirerovs Fisn-rematns, to illustrate Mr. J. W. Davie's 
paper on those fossils ...............00 dacnnoneneceiestiae see tanean 181 


xz, { Tiaxosucuus rrrox, to illustrate Prof. Owen’s paper on a 
huge Theriodont Reptile ..............c00ccc-nsssecnseereesseseee 189 


XII Lime-zones or Dinosaurs, to illustrate Mr. J. W. Hulke’s 
Pas paper on Poikilopleuron Bucklandi ...c..svecceeeeeee speces0 . 233 


XTIr, { Sections or Quarrz-rErsirEs, to illustrate Prof. Bonney’s paper 
on the base of the Cambrian series in N.W. Caernarvonshire 309 


XIV ta oe CrusTACEA FROM THE IsLE or WiGut, to illustrate 
Dr. H. Woodward's paper ......s6.00.0008 Sponorae peuoconGennace Tee 


ae NIAN Serizs, to illustrate Mr. G. J. Hinde’s paper ......... 361 


XVIII. ANNELID-JAWS FROM THE CAMBRO-SILURIAN, SinurtAn, DEvo- 


XY. |e eae FROM THE CAMBRO-SILURIAN AND DrEvyo- 


XIX. NIAN, AND CARBONIFEROUS ForMATIons, to illustrate Mr. G. 
XX. JaHndeis paper iccdsise<escserexe SCE RRO EE OaBEe Seosnoenonnaen aay hl, 


XXI )In1um AND VertTEBrs or VECTISAURUS VALDENSIS, to illustrate 
3 1 Mr. J. W. Hulke’s paper on that Reptile .....csccceeeceee oe AQL 


XVi EXPLANATION OF PLATES. 


PLATE Pace 

Map or tue NortH-west oF ENGLAND AND THE HASTERN PART 

XXII. or WALES, to illustrate Mr. D. Mackintosh’s paper on the 
Distribution of Boulders ..........scssccceseesss. piegeeepeantes 425 

XXIII REMAINS OF ANTHRAPALEMON AND DiruyRocaRis, to illustrate 
Maro, Hitheridge, dunes paper canssenaee- sees sesensssew acer 464 

XXIV {ego Fossits From Ruymney, to illustrate Mr. W. J. 
: Sollas’s paper on the Silurian district of Cardiff ..........+ 475 

XXV Remains or Matrese Mammats, to illustrate Prof. A. Leith 
; PACIAMISISSOAPEL "eis ceasecceoss desis senecneh sect cesedsseanmeenaassceeces 517 


XXVI. Fossin Crusracza, to illustrate Dr. H. Woodward’s paper... 549 


XXVII. Remains or Enpotutopoy, to illustrate Prof. Owen’s paper. 557 
XXVIII. \ 


eS British CARBONIFEROUS Barrp14, to illustrate Messrs. Jones 
and Korkbygswpapecercrceatnarotaeede te ceneiee se eaaeeae » 565 


sea 
Mar anp Secrton or Country BETWEEN THE OrINOCO AND 


THE CARATAL GoLp-DistricT, VENEZUELA, to illustrate Mr. 
G. Attwood’s contribution to South-American Geology ... 582 


XXXIIL. 


Bongs or ANOPLOSAURUS CURTONOTUS, to illustrate Prof. Seeley’s 
paper on the Dinosauria of the Cambridge Greensand ... 591 


AnD Bancor, to illustrate Prof. Hughes’s paper......eersse.ee 682 


Leripopiscus Lzgzourt, to illustrate Mr. W. P. Sladen’s paper 


Vil. on that fossil ........0. epodose4 RASRSBSTACHEUNCR SAL ROSEDeutods easonae 


Map or Part or Soutu America, to illustrate Mr. C. Brown’s 


eT UEL paper on the old river-deposit of the Amazon ..,...scessee0 763 


Mar or tur SuetTiLAnp Isuzs, to illustrate Messr. Peach and 


Horne’s paper on the glaciation of those islands .......... 778 
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1. Nores on the Puystcat GroerapHy and Grotogy of Norra 
Gippstanp, Vicror1a. By Atrrep Witiiam Howirr, Esq., 
F.G.S., a Warden of the Gold-fields of Victoria, &c. (Read 
June 21, 1876.) 

IytRopvuction. 


I wave felt some hesitation in placing this paper before the Society, 
but I have been determined to do so by the reflection that it is 
clearly the duty of every working geologist to carry his contribution 
of knowledge to the common stock, however small it may be. I 
have also considered that these notes on North Gippsland may be of 
interest to geologists, not only because the district is little known, 
but also (and more especially) because, as it seems to me, the study of 
its geological structure furnishes the key to that of Victoria as well 
as to a great portion of South-eastern Australia. 

In no part of this colony, nor possibly even of Australia, is there 
any locality where the igneous rocks generally (the crystalline meta- 
morphic schists and their relations to the sedimentary strata, as 
well as to each other) can be studied more advantageously than in 
the district under consideration. 

I may refer briefly to the manner in which the observations have 
been made, the results of which I have recorded. The nature of 
my official duties rendered it impossible that I could carry out any 
detailed survey in the usual manner, excepting perhaps in the 
immediate neighbourhood of my headquarters at Bairnsdale; but I 
found that it might be possible to carry on investigations on a 
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different system which promised to be not entirely barren of results. 
Being required to visit constantly the gold-fields in all parts of North 
Gippsland east of the Mitehell River, I believed that by varying the 
route from place to place as much as possible, and by making use of 
those routes as lines of investigation, | might in course of time 
cover the whole district with, as it were, a network of traverses on 
which illustrative sections might be constructed. 

This I have done so far as was possible to me; and wherever I 
found points of interest requiring further illustration, I have worked 
out those special localities with more detail. A long-continued 
series of aneroid readings has furnished me with the means of 
working out the sections with some degree of certainty. Finally, 
on the data thus obtained, I have constructed three main sections 
approximately across the general strike of the older sedimentary 
strata, and three other sections approximately at right angles to the 
former. 

Where feature-surveys were available I have used them; but 
where, as unfortunately was too often the case, there were none, I 
have made sueh traverses with the compass, estimating the distance 
by the watch or by pacing, as would furnish me with fairly reliable 
data. 

The knowledge which I have gained of the geology of the district 
has therefore resulted from actual inspection in the field; and it will 
be for geologists to say whether my interpretation of facts and the 
inferences which I have drawn therefrom are well grounded or not. 

In these notes I propose to summarize the general results at 
which I have arrived. The details are partly contained in the 
‘Reports of Progress of the Geological Survey of Victoria,’ and 
partly in papers which are now in process of completion*. 

The sketch sections given in this paper do not pretend to repre- 
sent the exact features of any one locality; but I have endeavoured 
to portray in them, in a condensed form, that which I have observed 
in the field, and at the same time to do so in accordance with the 
results shown by the sections I have referred to. 

The encouraging assistance of friends has not been wanting. I 
am under great obligations to Professor M‘Coy, of Melbourne Uni- 
versity, for examining the collections of fossils which I have made 
and for indicating their geological age; to Mr. C. H. F. Ulrich, 
F.G.8., of the Industrial and Technological Museum, Melbourne, 
who has most kindly aided me by examining collections of rocks in 
comparison with those of the Technological Museum in Melbourne ; 
and to Mr. R. Brough Smyth, F.G.S., the Seeretary for Mines, &c., 
under whose direction the Geological Survey of this Colony has been 
resumed, for every assistance which a long-standing friendship and 
a warm interest in the geological examination of the Colony could 
suggest. It was in consequence of a suggestion made by my friend 
Mr. R. Brough Smyth some years ago that I determined to attempt 
systematically the geological examination of North Gippsland. 


* The papers now in hand are “On the Devonian Rocks of North Gipps- 
land” and “ Section 1 of the Geological Structure of North Gippsland.” 
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If these notes are thought worthy of any consideration by geolo- 
gists, I shall feel that I am amply rewarded for any labour I may 
have undergone, and that the many days of wanderings and solitary 
encampment by night among the rugged mountains and precipitous 
defiles of the Australian Alps have not been in vain. 


GENERAL CoNSIDERATION OF THE DistTRICcr. 


The district to be considered may be described as being all that 
part of North Gippsland lying eastward of the Macallister River, 
and also that part of the Omeo country between the Great Dividing 
Range and a line drawn from Mount Gibbs to Mount Hotham. 

It is approximately 130 miles in length by 80 miles in width, or 
about 10,400 square miles in area. 

It is divided into two unequal portions by the Great Dividing 
Range. This mountain-chain has a general trend to N. 60° E. and 
S. 60° W., and conforms to the outline of the coast. It is not, how- 
ever, continuous in this course throughout; from Forest Hill to 
Mount Phipps it follows this direction, as also from Mount Hotham 
to Mount Howitt; but the intermediate portion les at right angles. 
From Mount Phipps the general direction of the Dividing Range is 
continued by a line of mountains, such as Mount Birregun, Castle 
Hill, and Mount Wellington, through which the rivers have cut 
-their course southward. From Mount Hotham the line of direction 
is similarly continued north-easterly by the Bogong Mountains and 
Mount Gibbs to Mount Kosciusko, which is on the Dividing Range, 
and the highest known mountain in Australia*. On this line also 
the Mitta Mitta and the Limestone Rivers have cut a passage through 
the highlands and flow to the northy. 

The Great Dividing Range, with the two extensions just noted, 
may be said to define the north and south limits of an extensive 
plateau, averaging a hundred miles in length with a width of twenty- 
five miles. The drainage of the north-eastern moiety falls into the 
river Murray, and that of the south-western moiety into the rivers 
flowing into the Gippsland lakes. 

The transverse part of the Great Dividing Range, which thus 
separates the two halves of what may be called the Omeo plateau, 
extends from Mount Phipps to Mount Hotham. It is comparatively 
low in elevation ; it falls suddenly into the Dargo River to the west, 
but has a gentle slope on the east towards Omeo. 

The ayerage elevation of the Omeo plateau is probably not less 
than 3000 feet above the sea-level; the highest point rises to 6508 
feet in Mount Bogong; and the lowest level is found in the Omeo 


* The heights of these mountains above the sea-level, as determined by the 
Geodetic Survey of Victoria, are as follows:— Mount Hotham 6100 feet, Mount 
Howitt 5715 feet, Castle Hill 4860 feet, Mount Wellington 5863 feet, Mount 
Kosciusko 7256 feet, and Mount Bogong (the highest mountain in Victoria) 
6508 feet. 

t+ The Limestone River, also called the Indi, is one of the sources of the 
river Murray. 
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basin at 2374 feet, which is the height of Lake Omeo above the sea. 
I have excluded in this estimation the deep river-valleys draining 
this plateau which, as at Hagle Vale or Tom Groggin, are under 
1000 feet. 

From the Great Dividing Range and approximately at right angles 
to its course successive spurs extend towards the coast; these spurs 
separate the rivers which drain the mountains. Some of these 
rivers empty themselves into the Gippsland lakes, and the remainder 
directly into the sea*. The most easterly of these somewhat 
parallel ranges forms the western watershed of the Snowy River; 
this river rises in New South Wales on an extensive plateau, known 
as the Maneroo district, similar in character to that of Omeo, but of 
greater extent. The southern boundary of these highlands is well 
defined as the Coast Range, and, as is the case with the Great 
Dividing Range, conforms to the coast-line. The slope northward, 
forming the Maneroo tableland, is very gentle, while it is sudden 
and abrupt towards the sea. 

Commencing at Mount Phipps, the most southerly extension of 
the Great Dividing Range, near Omeo, a line of high land can be 
traced connecting it with the Coast Range. On this view the Omeo 
and Maneroo plateaux form one great tableland; these heights, 
commencing at Mount Phipps, are the Nunnyong Mountain, the 
Gelantipy tableland, Turnback Mountain, and the Bowen Mountain, 
where the Coast Range may be said to commence. 

From this Coast Range spurs run towards the seas, separating the 
waters of the Goungrah, Bem, Tamboon, Wingan, and Genoa rivers ; 
these spurs either end as promontory-like hills, or die away gra- 
dually in the marine Tertiaries. 

All the rivers which I have enumerated present certain marked 
features in common. The character of the valleys varies with the 
geological formation in which they have been excavated, and the 
course of the rivers is sharply divided into a torrent portion and a 
river portion; the latter commences so soon as the streams leave 
the hills and enter the fringing Tertiary area. Here the valleys 
have been excavated in almost horizontal beds of sand, clay, and 
coarse shelly limestone, and are wide and flat. 

The bottom of such a valley is usually occupied by a more or less 
wide stretch of alluvial soil, through which the river winds a slow 
and tortuous course. In other cases, such as the streams flowing 
into lake Tyers, the bottom of the valley is an estuary. 

Where the rivers debouche into the Gippsland lakes, they do so 
usually between two banks, or natural levels, which have been formed 
in the manner of a delta. That at the mouth of the Mitchell River 
extends on each side from the termination of the higher ground into 
Lake King. The one on the north side of the river is about twelve 
miles, and the one on the south side of the river about six miles in 
length. The two levels end at the same pointin Lake King. Each 

* Into the Gippsland lakes, the rivers Macallister, Avon, Mitchell, Nicholson, 


and Tambo; into the sea, the Snowy River, the rivers Buchan, Murindel, and 
Toonginbooka, 
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bank is composed of alluvial deposit, and is timbered almost to 
where the end finishes off in a clump of reeds; the width of these 
natural embankments, which separate the waters of the Mitchell 
River from Jones’s Bay on the north and Eagle Bay on the south, 
does not, on the average, exceed ten chains. 

I believe these banks have been formed partly by the ploughing 
action of the floods in the soft deposits at the mouth of the river, 
and partly by the deposition of sediment carried down where the 
current is checked by the reed-beds, and also by similar causes 
whenever the floods rise over the bank itself. 

I have reason to believe from personal observation, as well as 
from information derived from beatmen, fishermen, and others 
navigating the lakes, that these great expanses of scarcely more 
than brackish water are extremely shallow, and are only navigable 
in the deep channels which traverse them. ‘These, it seems to me, 
foreshadow future river-channels so soon as the lakes shall have 
been silted up by the river-deposits or laid dry by further gradual 
elevation of the coast-line. 

It seems to me that we see in these lakes and in the channels 
through them the former condition of the river-valleys, and that the 
present courses of the rivers are probably not due so much to the 
erosion by them of channels in the alluvial bottoms of the valleys 
as to their still flowing in channels which were formed under 
estuarine or lacustrine conditions *. 

The rivers of Gippsland are liable to frequent floods, which are 
due either to heavy rains, generally from the eastward, or to the 
melting of snow accumulated during the winter months on the 
mountains, or to both causes combined. 

During the past five or six years these floods have been excep- 
tionally frequent and severe. Neither the oldest white settlers nor 
the oldest aboriginal natives remember floods of like frequency or 
magnitude. 

I have observed during the time mentioned that the beds of the 
torrent portions of the rivers appear to have been deepened, as in 
the upper waters of the Mitchell, Nicholson, Tambo, or Buchan 
rivers. The course of the rivers in the flat country has been com- 
pletely changed within certain limits, as at Stratford and Bruthen. 
In steep mountain country the hillsides have been stripped of soil 
to the level of high-flood mark, as at the Turnback crossing of the 
Snowy River. Large trees which stood on islands have either been 
torn down and swept away, or stripped of their bark by drifting 
timber. All these various effects 1 have specially noticed in the 
Deddick River. 

The amount of deposit carried down by these rivers is, of course, 


* Mr. R. Brough Smyth informs me that he has detected in Western-Port 
Bay that a divide of mud separates the head of the east and west channels, and 
that this is obscured when the tide is up. We may have probably here the 
commencement of such channels as are a marked feature in the Gippsland 
lakes. 
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commensurate with the force and volume of these floods, and must 
tend materially to raise the alluvial flats in the low country and, 
eventually, to fill in the Gippsland lakes themselves. A deposit of 
an inch or more of silt and slime on the river-flats after one of these 
floods is not unfrequent; and I have seen instances where it 
amounted, in places, to feet. 

The progress of settlement, by the formation of tracks and roads, 
the clearing of land, and even the paths made by cattle and horses, 
tends to drain the land more rapidly, to concentrate the flood-waters, 
and to increase the amount of sediment carried down from the higher 
grounds. 

Within the last few years and, indeed, contemporaneously with 
the wet seasons I have mentioned, the wide flat gullies commonly 
seen in parts of the mountains, and especially near Omeo, have, 
almost without exception, been cut back into deep channels by the 
rain. The black soil has been cut into so as to form narrow deep 
ravines, locally known as ‘“washouts,”’ and which extend occa- 
sionally miles back into the hills *. 


CLASSIFICATION OF THE SUBJECT. 


I have endeavoured to classify the various formations in the sub- 
joined tabular form in accordance with my present knowledge. The 
first list exhibits them stratigraphically ; in the second list I have 
shown the Igneous and Metamorphic rocks as I conceive their 
geological age to be. 


Fig. 1.—Diagrammatic Section across the Australian Alps in North 
Gippsland. 
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a. Silurian. e. Middle Devonian. t. Marine Tertiaries of 
b. Metamorphic erystal- . Upper Devonian. Gippsland. 
line schist. g. Carboniferous. k. Tertiaries of the 
ce. Granite. h. Mesozoic Coal-mea- Murray River. 
d. Quartz-porphyries. sures, l. Volcanic. 


* There are at present very few data available relating to the annual yolume 
of water poured into the Gippsland lakes, or the amount of sedimentary matter 
deposited in them. Some idea may, however, be formed from the following 
statement, which is extracted from the ‘‘ Report on the Physical Character and 
Resources of Gippsland,” by the Surveyor-General and the Secretary for Mines 
(Melbourne, 1874, p. 29):—“ The quantity of water which the rivers, their feeders, 
would pour into the lakes during ordinary weather, in the months of November, 
December, January, and February, is, according to estimates formed by us from 
data obtained by the late Mr. Dawson, 16,132,500,000 cubic feet, representing 
a depth of four feet and half an inch over the superficial area of the lakes.” 
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The relations of these various formations to each other and their 
general relations to the mountain-chain, the Australian Alps, will 
be seen from the diagram-section, fig. 1. The Carbonaceous (Meso- 
zoic) strata of South Gippsland have been added to complete the 
comparison, but will not be further considered, as they lie outside 
the district described. 


Table of the Geological Formations of North Gippsland. 


(a) Auriferous slates and sandstones of 
rivers Crooked, Dargo, Wentworth, 
Nicholson, Benang, Bendoc, and De- 


( 
| 1. Selurian ............ 4 PeBaees 
(6) Metamorphic crystalline schists of the 


Omeo district. 
(¢) Granites connected with (a) and (0). 


I, Lower Patzxozotrc. 


( (@) Snowy-River porphyries; felstones and 
agglomerates of Wombargo. 


~ 


(€) Middle Devonian limestones of Buchan 


‘ -and Bindi; Tabberabbera shales. 
2. Devoniaw ......... 


(f) Upper Devonian shales and limestones 
of Cowombut and Native-Dog Creek, 
Iguana-Creek and M aximilian-Creek 
beds, Snowy-Bluff and Mount-Tambo 
beds (?). 


3. Carboniferous...... (7) Sandstones of Avon river. 


ee 


II. Urrer Paumozoic. 


| 


( 4. Miocene ............ (%) Bairnsdale limestones. 


marls of Jemmy’s Point and Lake 
Tyers. 


(&) Dolerites and basalts of Dargo Higa 
Plains, Cobungra, Nunnyong, Gelan- 
tipy. 

( (7) Sand- and grayel-beds up to about 800 

feet above sea-level ; clay terraces along 
the rivers and lakes ; sand dunes, 
swamps, flooded lands, and river- 
gravels now forming. 


(oe Moitun-Creek beds; sandstones and 


III. Terriary. 


6. Pleistocene and 
Recent ..........4. 1 


— 
— 
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Table of the Igneous Rocks of North Gippsland. 


(a) Granites which haye invaded and me- 
1. Older Plutonic ... tamorphosed Silurian strata, as at 
Dargo, Neoyang, Deddick, Delegete, 
Omeo, &e. 
{ 


Mount Wombargo, Mount Tambo, 
Mount Taylor, &c. 


(c) Dykes of compact, porphyritic, and 
quartziferous felstones of Omeo, Neo- 
yang, Tabberabbera, &e. 


| (6) Quartz-porphyries of the Snowy River, 


I, Puuronic. 


(d) Amorphous masses and dykes of por- 
phyrite of Mount Leinster(?), Bul- 


2. Newer Plutonic ... 
gurback, &c. 


(e) Amorphous masses and dykes of green- 

stone and other basic igneous rocks of 
| Omeo, Limestone River, Maximilian 
\ Creek, Tabberabbera, &e. 


( (f) Felstones (lavas), ash, and agglome- 


rates of Mount Wombargo and the 
Black-Mountain tableland, Snowy 
8. Paleozoic ......... 4 Bluff, Tabberabbera, Maximilian Creek, 
| &e. 

\ 


(g) Dolerites and basalts of the Snowy 
Bluff. 


II. Voucantre. 


(h) Dolerites and basalts of the Dargo High 
Plains, Cobungra, Nunnyong, Gelan- 
tipy, Tubbut, &e. 
( (2) Metamorphic crystalline schists of the 
Omeo district. 


(%) Indurated rocks, spotted schists, Horn- 
[ fels, &e, 


Socterepecovscvvevsresteeves 


| 
( 
| 
| 
1 
| 
4, Tertiary ....ces0e0e 
\ 


III. Mura- 
MORPHIC 


Nots.—I have used the term ‘“ Plutonic ” as being the most convenient I can 
at present use for purposes of classification. It is probable that the term 
‘“‘ Hydro-plutonic” might be better. 


I. Lower Patzxozorc, 


1. Silurian. 


(a) Rocks referable to this age are exposed over a large part of 
the district ; but the areas are not continuous, and the boundaries 
somewhat difficult to define shortly in words. Broadly viewed, a 
description may thus be given:—The largest area will be found 
between the Mitchell and Tambo rivers, north of the road from 
Bairnsdale to Bruthen. It includes almost all the drainage-areas 
of the Mitchell and Nicholson rivers and that of the west side of 
the Tambo River, south of a line drawn from Mount Balahead to 
the Fainting Range. The next area in size is found between the 
Snowy River, the boundary-line of the Colony, and the sea-coast. 
Outcrops are met with of various sizes, as at Bendoc, at Mount 
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Nowa Nowa, near Bindi, at the Reedy River (which is one of the 
feeders of the Buchan), and in other minor localities which need not 
be further specified. In the country between the upper waters of 
the Mitchell and Macallister rivers Silurian strata probably underlie 
the Upper Paleozoic groups. 

The strata which I regard as Silurian consist of alternating slates 
and sandstones, with rare bands of crystalline limestone in the upper 
part of the series. These have been tilted, folded, compressed, and 
subjected to influences which have produced alterations lying be- 
tween a schistose and a flinty structure. They have subsequently 
been extensively denuded before the deposition upon them of later 
formations. The strike of these strata naturally varies, owing to 
the many disturbing causes which have affected them. I have 
found some difficulty in determining the average direction of strike ; 
but, from the consideration of all the observations which I have 
been able to make throughout the district, I believe that the average 
strike will be found to le between 35° to the west and 20° to the 
east of north. The dip appears usually to be between 60° and ver- 
tical, and varies rapidly ; but I am inclined to believe that it is more 
generally to the eastward than the westward, and would therefore 
indicate not only a general acute folding, but also a subsequent 
tilting over to the west. 

I have observed in two localities, near Dargo Flat and Neoyang, 
where the contact with the granite has been laid bare by denuda- 
tion, that the strike has turned nearly east and west, the dip being 
both against and from the granite. 

The largest Silurian area is situated, as [ have said, between the 
Mitchell and Tambo rivers, and extends from the Great Dividing 
Range to near the sea-coast. Broadly viewed, it is a country of 
deep valleys and corresponding high and steep ridges, among which 
occasional outcrops of granite are to be found. ‘These are usually 
in valleys, but also in some cases as mountains, such as Mount 
Baldhead. ‘The Silurian mountains are in places capped with out- 
liers of Upper Paleozoic strata, or with Tertiary volcanic outflows. 
Here are situated the alluvial gold-workings of the Crooked, Dargo, 
Wentworth, Tambo, and Nicholson rivers, of Merrijig and Boggy 
Creeks, of Shady Creek and the Haunted-Stream, and other places, 
and the quartz-mines of Grant, the Upper Dargo, Boggy Creek, and 
Deptford. 

The second area, as to size, is, as I have said, east of the Snowy 
River. The country is one of steep and high mountains, gradually 
culminating in the chain known as the Coast Range. Their struc- 
ture is perhaps best seen at the Deddick River, and I shall refer to 
that as an illustration*. The general features are that the summits 
of the mountains are of highly inclined strata, usually much indu- 
rated, so that the slates are flinty and the sandstones quartzites, 
In many places the original structure of the rocks is almost oblite- 

* The Deddick River is also called, in parts of its course, the Tubbut, Jinigal- 


lalla, and Bonang, these being the native terms for the various localities through 
which it flows. 
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rated, and the planes of deposit can only be distinguished by alter- 
nating and undulating narrow lines of different colour. An exami- 
nation of the whole district shows, however, plainly that these in- 
clined and vertical strata dip downwards, becoming more and more 
altered, and generally end abruptly against the granite which occu- 
pies all the low ground and valleys. 

Thus in the Deddick River a contour-line which would separate 
the high ground from the valleys would also approximately indicate 
the position of the granite as below this line. Were the whole of 
the granite stripped of the superior strata without being itself de- 
nuded, it would present an extremely uneven and irregular surface ; 
for we find, on examining the streams, that in places the Silurian 
strata descend below the general surface of the granite, and are 
much contorted and folded back on themselves, while in other places 
we find bosses of granite appearing through high ridges of the Silu- 
rian slates*, 

The hard quartzites appear often to have marked out the ridges, 
as in Mount Bowen and Delegete Hill. 

Among the much indurated and altered strata occasional patches 
are found which have been less affected, as, for instance, the black 
Graptolite-slates of Deddick, in close proximity to the granite boun- 
dary and the larger area of Bendoc and Delegete, where are situated 
mines both in auriferous alluvium and quartz veins. So far as [ am 
aware, neither alluvial gold nor auriferous quartz veins have been 
met with at the Deddick River. 

This Silurian formation extends beyond the coast-range down 
the Goungrah, Bem, and Cann rivers; and gold-workings have been 
there opened. Little is as yet known concerning the geology or the 
resources of that part of the district; it is mountainous and covered 
with dense scrubs, but it presents indications of being generally 
more or less gold-bearing. I have traversed it in three different 
directions, and can speak to the difficult nature of the country. 

In respect to the other minor Silurian areas I need say but little. 
The general features are such as I have already noted. We find 
the same general direction of strike and high angle of dip, the same 
alternation of slates and sandstones with quartz veins, the same 
paucity of fossils, and the same intimate relation to the crystalline 
schists, the granites, and the older plutonic rocks generally, which 
I have yet to indicate more particularly. 

This formation has been regarded as probably Lower Silurian. 
It has so far proved almost entirely barren of fossil remains through- 
out the district ; and it is only to the east of the Snowy River, as I 
have before said, that Graptolites have been met withy. These, the 
apparent connexion of the whole series, its relation to rock forma- 
tions of later age, the high angle of dip, amd the universally indu- 
rated and slaty condition of the strata as compared with others 


* Accommodation Creek at Deddick as to the former, and Marriott’s Moun- 
tain at Bonang, and especially Mount Goungrah, as to the latter statements. 

t ‘Prodromus of the Paleontology of Victoria’ &c., decade i. p. 12, by Fre- 
derick M‘Coy, F.G.S., Government Paleontologist, &c. &e. 
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yielding Upper Silurian fossils, have led to this belief. But too 
much weight may have been perhaps attached to this negative evi- 
dence. Ina group of strata at Tabberabbera, many of which are as 
indurated and slaty as any in the district, Middle Devonian fossils 
are met with*. 

I point out these doubts as to the propriety of considering all this 
area as Lower Silurian, or even Silurian; but provisionally I use 
these terms for description. 

The apparent paucity of fossils is probably due to the slight exa- 
mination which has yet been possible of an immense area of moun- 
tainous country, all of which is clothed with forest, and very much 
with dense and sometimes almost impenetrable scrubs. 

(6) Metamorphic Crystalline Schists—We find, occupying the 
central part of the Omeo plateau, and intimately connected with the 
last-mentioned strata, a great extent of crystalline schists. They 
may be defined as extending from the Dargo River to the Limestone 
River, in a direction east and west, and from the Fainting Range 
northward far beyond the limits of the district I am considering. 

They do not, however, occupy exclusively the whole of this tract 
of country. _Slaty and indurated rock masses, which I regard as 
Silurian, appear in places, as at Bindi, while other extensive areas 
are of granite, not belonging to the crystalline-schist series, and 
elsewhere are varieties of quartz-porphyries. At the Omeo Plains 
there is a wide extent of nodular argillaceous schists, which are 
connected with, but do not, as it seems to me, belong to the Omeo 
erystalline schists. 

These latter form a complete series of varieties of mica-schist and 
gneiss, with subordinate varieties of quartz-schist, the extreme end 
of the series being, on the one hand, a fine-textured, glistening mica- 
schist, as at Swift’s Creek, and, on the other, granitic gneiss or 
schistose granites, as, for instance, in the Dry-Hill Creek at Omeo. 
Many of these latter are, in hand specimens, undistinguishable from 
an ordinary ternary granite. 

The connexion of these crystalline schists with the Silurian is 
clearly shown in many places. I subjoin a sketch section (fig. 2), 
which, I believe, exhibits tolerably clearly the position of the Omeo 
schists in the geological series. Thesection has been sketched from 
one constructed to scale from notes which I have prepared to illus- 
trate a series of papers on the geological structure of North Gipps- 
land. 

In looking at the details of this section we see that the tilted and 
denuded Silurian strata appear from under the scarped edge of the 
Upper Paleozoic ‘‘Iguana-Creek beds.” They extend, as the section 
shows, across to the Dargo River, forming a mountainous country 
excavated into deep valleys and high steep ridges by the Wonan- 


* Professor M‘Coy, who kindly examined a collection from Tabberabbera, 
identifies the fossils as Spirifera levicostata of the Buchan Limestone and a 
Grammysia. See also the ‘Report of Progress of the Geological Survey of 
Victoria,’ No. IJ. Appendix to “ Notes on the Geology of part of the Mitchell- 


River Division” &c., p. 72. 
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gatta, the Wongungarra, and the Crooked rivers and their subsidiary 
streams. On the western side of the Dargo-River valley, on the 
line of section, the Silurian strata are exhibited as greenish and 
bluish clay-slates, alternating with quartzose or micaceous sand- 
stones, and having a strike to the north-west and a dip of from 70° 
to 80° to the north-east. On crossing the Dargo River at Mayford, 
the hillside shows bluish clay-slates of the same direction of strike 
and dip, but having a somewhat crumpled silky appearance. On 
ascending the steep eastern side of the valley a gradual change is 
met with from these last-named rocks, through finely micaceous 
schists to gneiss. 

Although these schists are in places much crumpled and contorted, 
it is still possible to see that the foliations of the various beds, and 
the beds themselves, conform to the direction of the strike and dip 
of the Silurian clay-slates ; and it is important to bear in mind that 
the dip of the clay-slates, and of the mica-schists into which they 
seem to pass, is to the north-east, and therefore underneath the 
more highly altered schists at the summit of the hill. The slope of 
the ascent is great, and in so far is favourable to observation as re- 
sembling a cliff-section. The vertical height from the clay-slates of 
the river to the gneiss at the summit is 1350 feet, and the horizontal 
distance about from 80 to 100 chains. 

This summit is the Great Dividing Range, and from this point 
there is gently undulating country to within about two miles of the 
Omeo township. Throughout this distance the following rocks 
alternate :—Gneiss and gneissoid mica-schist, schistose granite, 
granites of binary, ternary, and quaternary composition, consisting 
of orthoclase and quartz, orthoclase, quartz, and mica (principally 
black), or the three together with black and greenish-black horn- 
blende. 

It is to be remarked that so soon as the schists, in ascending from 
the Dargo River, become more siliceous, irregular patches or veins 
of slightly translucent and somewhat greasy-looking quartz appear, 
forming part and parcel of the foliations. More rarely, veins are 
met with of coarsely aggregated orthoclase, quartz, silvery mica, and 
often black schorl, and these are usually associated with the granite 
schists or the granites (metamorphic). 

Other veins are also to be met with of orthoclase, quartz, and 
fibrolite, ali confusedly aggregated together. The fibrolite in places 
shows certain resemblances in colour and in imperfect prismatic 
forms to andalusite and even to kyanite. It is found of pale tints 
of lilac, blue, pink, as well as white, and is exceedingly tough in 
texture. 

The granites are usually met with in the low grounds, in the 
valleys, but also as small plains at higher elevations. In fact, 
granites belonging to this division are met with in this locality at 
all heights, but more generally, as I have said, where streams have 
cut deep into the schist surface. 

In the schists and granites, speaking generally of the whole 
series, we meet with numerous intrusive dykes, from a few inches 
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to over twenty feet in width. A preliminary microscopic examina- 
tion of a number of these in thin sections has shown me that they 
are varieties of compact felstones, diorites, and basalts; but many 
have evidently undergone great mineral changes, partly due to 
metamorphism, which has, I believe, also generally affected the 
already metamorphosed schists, and partly due to alterations which 
have affected the dykes alone. I am, at present, unable to assign 
a classificatory position to these. 

Some of these intrusive dykes or masses are no doubt Paleozoic, 
but others are undoubtedly connected with the outflows of the Ter- 
tiary dolerites, which will be mentioned later *. 

Epidote is of frequent occurrence, both in the intrusive dykes and 
in the schists themselves, and forms a marked feature in the Omeo 
rocks. 

The subjoined sketches (fig. 3) will show the relations of such 
intrusive dykes to the schists and granites of Omeo. 


Fig. 3.—Aphanitic Dyke at Sandy Creek, Tambo River. 
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A. Section. Dip N. 10° W. at 80°. B. Ground-plan. Strike N.80° W. 
The rock through which the dyke cuts is a metamorphic granite, 


These crystalline schists extend across the valley of Livingstone 
Creek towards the Omeo Plains, where they appear to pass into the 
argillaceous schists. These latter still distinctly show the former 
condition of the beds, being alternations of allered slates and sand- 
stones. The former have become spotted or nodular argillaceous 
schists; the latter quartzites. The connexion of these with the 
crystalline schists is seen in a gully near the Livingstone Swamp, 
from which I have taken the subjoined sketch (fig. 4). 


* Thave in this paper followed the suggestion made by Mr. Allport in his 
most valuable paper ‘‘On the Microscopic Structure and Composition of Bri- 
tish Carboniferous Dolerites,” read before the Geological Society of London, 
June 24, 1874 (p. 529 of the Quarterly Journal of the Society, vol. xxx. 
1874), and have used the term “dolerite” as including all those Tertiary vol- 
canic rocks of which basalt is the compact form, I have, however, still used 
the restricted term melaphyre in one instance. 


GEOLOGY OF NORTH GIPPSLAND, VICTORIA. 15 


Fig. 4.—Argillaceous and Crystalline Schists near Omeo. 


A. Section near the Livingstone Swamp. 

a. Surface-soil and rubble. 6. Glistening nodular argillaceous schists. 

c. Quartzite. d. Quartz vein. 

Dip about N. 60° E. at '75° to 80°. 
B. Ground-plan of contact of the argillaceous and crystalline schists from a 
gully near Livingstone Swamp. 
a. Granitic schist. 6. Nodular argillaceous schist. No well-marked contact: 
can be seen at this place between @ and 6, excepting at the sides of 
6,as shown. The nodules are unusually large, being oval and up to a 
quarter of an inch in length, 


In crossing to the eastward, these argillaceous schists are seen to 
extend beyond the Omeo Plains; but it is only occasionally that the 
rocks are visible. They appear to have been much disturbed by the 
quartz-porphyries which form the mountains of the Great Dividing 
Range on the south side of the plains, and are considerably indurated 
and altered in texture along that line. 

In proceeding southward from the plains, a gradual series of 
changes in the rocks may be traced connecting the argillaceous 
schists with the indurated slates and sandstones, which end in the 
granite of Bindi, and which have so completely the appearance and 
position of the Silurian rocks elsewhere seen to have been invaded 
by granites, that I have felt little doubt in regarding them as such. 
I think we may infer that the complete metamorphism which pro- 
duced the crystalline schists of Omeo has been subsequent to the 
first alteration of the sedimentary strata into the argillaceous schists. 

These latter rocks continue to the eastward for some distance 
beyond the plains; but the structure of the country then becomes 
marked by extensive flats of clay derived from the hills connected 
with Mount Leinster. In one place a coarse black mica-schist is 
met with, having a dip to the west of 43°. 

Passing still further to the eastward over a tract of country 
occupied by the porphyritic rocks of Mount Leinster and by horn- 
blendic granite, the crystalline schists are again found*. This is at 


* T am at present unable to assign an exact place to the interesting rock 
masses of Mount Leinster; but, from a few microscopic sections which I have 
prepared, I conclude that they probably all belong to the class of “ por- 
phyrites.” 
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the extreme edge of the Omeo basin, where the country rises to 
form the watershed of the Limestone River. At this place I have 
noted what seems to be a gradual passage from coarse granite to 
gneiss, mica-schist, then to a wrinkled and glistening clay-slate, 
with a high dip to the eastward. 

At the Limestone River the rocks are seen to be dark-blue and 
yellowish clay-slates with narrow quartz veins, and bedded with 
them greyish crystalline limestone. This group of strata has a 
general dip to N. 85° W. at 60° to 70°. The crystalline limestones 
and marbles occasionally show indistinct traces of corals; but so far 
none have been identified. 

(¢) Granites—The granites of North Gippsland may be separated 
into two classes :— 


(a) Those which are the result of the perfect metamorphism of 
sedimentary strata; and, 

(6) Those which appear to have invaded, and partly absorbed and 
altered, sedimentary strata. 


Ican feel no doubt as to the origin of many of the granites which 
are seen alternating with the mica-schist and gneiss of Omeo. A 
series of rock-specimens can be collected there showing the finest 
shades of gradation from a true mica-schist to a true ternary granite, 
or to a quaternary granite, where the fourth constituent appears to 
be an amorphous green mineral. It is, however, quite possible that 
in some instances denudation of the schists may have laid bare 
granites belonging to the second division ; but on this point data are 
at present wanting. 

The second class of granites is met with in numerous localities. 

In examining generally the whole district where the Lower Palzo- 
zoic sedimentary rocks are visible, it will be seen that granites 
occur in various places, usually in the river-valleys or as basins of 
low hills surrounded by Silurian or younger strata (as at Bulgur- 
back, Dargo Flat, Neoyang, the Lower Tambo river, the Snowy River 
in its upper course, Deddick, the Genoa River, &c.), but are also some- 
times seen as hills or mountains protruding from among the strati- 
fied rocks, as at Mount Baldhead, the Forlorn Hope, at the sources 
of the Tambo and Buchan rivers, and many other places. In all 
these instances and, indeed, wherever I have met with granites in 
North Gippsland of this class, their present position, either in the 
valleys of rivers or as mountain masses, appears certainly to be due 
to denudation and erosion, subsequent to their invasion of Lower 
Paleozoic formations. 

Some of the broad features to be noted in respect to this class of 
granite I have already referred to. J may add further that the 
highly tilted Silurian strata are seen to dip down onto the granite, 
and to be there cut off either across the direction of dip or of strike ; 
but in following the general direction of strike of the Silurian strata 
across the granite, we find that the former recur with the same 
general direction of strike and dip as before. 

The passage from the sedimentary rocks to the granite varies both 
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in rapidity of change and in the nature of the change itself. In 
examining any of the isolated granite areas, the Silurian strata are 
found in the neighbourhood to maintain their general direction of 
strike and dip until in near proximity to the granite, where they 
exhibit signs of pressure and of alteration. The beds.are thrust in 
all directions, and extensively broken up by irregular joints. Granite 
veins are found to traverse these contact-margins, showing in 
different localities the same general features, and especially the 
distinct contact of the sedimentary rock and the granite vein, as 
clearly as elsewhere the contact of the granite with the mass of 
intrusive dykes is shown. The stratified rocks themselves are 
greatly altered, either resembling fine-textured gneissose or mica- 
ceous schists, or forming dense crystalline rocks in which the 
planes of deposit can barely be distinguished by wavy lines of 
various shades of colour. The extreme form of this series is Horn- 
fels. The changes resulting in the former series of alterations seem 
to be heralded by a micatization of the rocks; in the latter by the 
appearance of chiastolite-like markings, which can often be still 
distinctly recognized in an enlarged form in the Hornfels. 

A microscopic examination of thin sections of the Hornfels series 
has led me to believe that, in some cases, the markings I have 
referred to are probably due rather to the somewhat different 
aggregation of materials than to the introduction of fresh elements 
into the rock masses. 

Sometimes both forms of alteration are seen in the same area, and 
occasionally in near proximity, as at Dargo Flat, where the mica- 
ceous alterations are seen, especially on the northern margin (Dargo 
River), and the indurated rock series on the south side (Orr's 
Creek). 

These alterations of adjacent rocks extend for uncertain distances 
from the visible granite surfaces; and I think that this may be 
accounted for on the belief that the granite continues nearer to the 
present surface in some directions than in others—in other words, 
that it is due to the granite surface being as highly uneven under- 
ground as we see it to be where denudation has laid it bare. 

In some- parts of North Gippsland the rock masses which have 
apparently been invaded by granites do not present so much the 
alterations I have described as a general silicification of the strata, 
by which great portions have assumed the character of quartzites, 
as, for instance, Delegete Hill and the Bowen Mountain. But it 
seems to me significant of some connexion between the changes 
seen and the appearances of invasion by the granites, that the 
intensity of those alterations in the sedimentary strata varies in an 
inverse proportion to the distance of the former. But in these 
tracts there are also places where the rock masses present just such 
alteration as I have before mentioned ; for instance, Marriott’s 
Mountain, where the Silurian slates and sandstones have, near the 
granite, assumed a finely gneissose appearance. 

The annexed section (fig. 5), sketched from a cutting in Orr’s Creek, 
Dargo Flat, will illustrate the contact appearances generally seen: 

Q.J.G.8. No. 137. C 
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ig. 5.— Contact of Granite and Silurian, Orr’s Creek, Dargo Flat. 


(a) Ternary felspathic granite, very much decomposed. 

(b) Altered Silurian. Under the lens appears granular felspathic, with minute 
black specks (mica ?). 

(c) Fine-grained granite vein, about 3 feet wide, consisting of felspar, quartz, 
black mica. This is sharply defined as regards the bounding rock, which 
is similar to (f). 

(dz) Altered Silurian. In places micaceous, like (f); elsewhere indurated, 
finely crystalline, bluish black in colour. Traces of planes of deposit recog- 
nizable by lighter or darker undulating lines. 

(e) Decomposed felspathic vein or dyke, like (g), but more granitic. About 
12 feet wide. 

(f) Metamorphic rock, scbistose, and the joints lined with silvery mica. This 
seems to embrace and overlie (¢). 

(gq) Felstone vein or dyke, with minute patches of a foliated black mineral. 

(z) Indurated slates and sandstones (Silurian), as seen down the course of Orr’s 
Creek (auriferous). 

{k) Granitic vein crossing (d), a few inches in width; at the sides rather coarsely 
erystalline-granular, of yellowish orthoclase and translucent quartz. In 
the centre the same, but coarser, and with aggregations of silyery mica and 
black schorl. 


Note.—In the above sketch the lateral extension of the rocks has been con- 
densed in order to bring the whole section into view; but the features have 
‘been preserved as faithfully as possible. The apparent dip is due to the section 
‘ying-at an angle with beds which are in reality vertical, or nearly so. 


As the granites of the series (6) have invaded, cut off, absorbed, 
or altered the Silurian strata, so also have extensive extrayasations 
of quartz-porphyries and of rocks connecting them with the true 
granites taken place among the sedimentary strata. The effects 
produced are, however, far less marked than in the granites. 

The quartz-porphyries all agree in having a felsitic or somewhat 
erystalline-granular base, in which are usually porphyritic crystals 
or patches of orthoclase, and in all cases crystals or crystalline 
grains of quartz. The colour varies from almost white in restricted 
localities to shades of yellow, red, and purple. Some varieties are 
earthy, while others are highly silicified. The extreme forms are, 
on the one hand, a rock which might be classed as a somewhat 
erystalline form of binary granite (Mitchell River); and, on the 
other hand. a highly porphyritic reck, in which the orthoclase crystals 
are over an inch in length and often distinctly formed, and the 
quartz-crystals large and often in very regular double pyramids 
without any apparent intervening prism (Mount Taylor). The total 
area occupied by quartz-porphyries falls, no doubt, somewhat short 
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of that of the granites; but the localities are, generally speaking, 
between the Tambo and Snowy Rivers, and extending between 
similar limits north of the Great Dividing Range. The granite, on 
the contrary, is found in all places where denudation has been 
sufficiently deep. Where I have been able to examine the contact 
of the quartz-porphyries and the Silurian strata, as at the Omeo 
Plains, 1 have found the latter broken up and penetrated by dykes 
of felstone—which is in places granular (apparently owing to decom- 
position), in other instances, however, compact, and in such cases, 
almost without exception, more or less distinctly quartziferous. 
The forms of Silurian rocks which I have observed to have been 
invaded by the quartz-porphyries are the argillaceous schists and 
quartzites of the Omeo Plains, and the indurated slates and sand- 
stones of Bindi; and we thus see that the irruption of the quartz- 
porphyries has been subsequent to the invasion and alteration of the 
Silurian strata by the granites. Near Bairnsdale the Silurian has 
been broken through by enormous masses of quartz-porphyry and 
allied rocks, which now are seen as the triad group of hills, Mount 
Taylor, Mount Lookout, and Mount Alfred; and here the sedi- 
mentary rocks have either apparently undergone no change, as at 
Bulumwaal, or, as at Clifton, have been altered to very nearly the 
true Hornfels condition. In the river-gravels derived from the 
neighbourhood of those hills fragments of perfect Hornfels are 
frequent, showing that the change has been a common one there. 

Where I have been able to observe the relations of the quartz- 
porphyries and the granites, as at the Snowy River near Turnback, 
and not far from where the latter rocks have invaded the black 
graptolite slates of Deddick, I have found that the quartz-porphyries 
have come up through the granite in mountain masses and with a 
well-defined line of contact. The boundary of the two rocks at 
Turnback seems to be along a north and south line, and may 
indicate a great fault; if so, it is almost the only fault which I have 
been, so far, able to recognize. 

At Turnback we again see the same general relations of the 
Silurian, the granite, and the quartz-porphyries that I have already 
pointed out as being indicated at Omeo Plains, 

All these divisions—the Silurian, the granites, the quartz-por- 
phyries—may from one point of view be regarded as forming a 
group in the geological series. In this aspect they constitute the 
great ‘ rock-foundation ” of North Gippsland on which the younger 
formations rest. 

I find all over the district that this group has been subject to 
enormous denudation during Paleozoic time, and that, broadly 
viewed, the first great stratigraphical break may be placed here. The 
Sections figs. 1 and 2 (pp. 6 & 12) will further illustrate my views on 
this subject. This first ‘‘ Horizon” may be also regarded as marking 
the division between the Lower and Upper Paleozoic times. Below 
it we have, as at Deddick, Lower Silurian slates with Diplograpsus 
rectangularis, M‘Coy*, as the oldest; and at Gibbo River, and pro- 

* *Prodromus of the Paleontology of Victoria, deggde i. p. 11. Frederick 
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bably also at the Limestone River, Upper Silurian Limestones with 
corals (at the former containing ‘“‘ Pulwopora”) as the youngest 
known strata. 

Above this ‘‘ Horizon” the first sedimentary deposits known to 
exist, and in places immediately resting on the “ rock-foundation,” 
are Middle Devonian marine limestones, with Spirifera levicostata, 
Placodermatous fish, and corals perfectly identical with specimens 
from the European Devonian limestones of the Eifel *. 

IT shall in the next division of this paper refer to these ; but before 
. doing so I must discuss an extensive formation which lies between 
those two Paleozoic fixed points. 


Il. Urrern Patozorc. 
2, Devonian. 


(d) Snowy-River Porphyries—The immense extent of rock 
masses, both horizontally and vertically, which haye been known by 
the above designation have, so far, included nearly all the rocks oc- 
curring over the tract coloured by Mr. Selwyn, in his geological 
sketch map of Victoria, as ‘“‘ Trap or Hypogene,” and also under the 
same classification in the more recent sketch map of Mr. R. Brough 
Smyth, the present Director of the Survey. The greater part of this 
area is occupied by porphyritic rocks of the acid series and by 
granites. Of the former, some are the quartz-porphyries which I 
have already considered. The remainder are, so far as { haye yet 
been able to work them out, immense accumulations of ancient vol- 
canic materials, consisting principally of ash and agglomerates and 
of felstone lavas. 

One tract only I have as yet been able to examine in any but a 

cursory manner. The country is rugged in the extreme. The Snowy 
River on the east and the Buchan River on the west have cut down 
into the granites and the associated sedimentary strata, and left these 
“« Snowy-River Porphyries” standing up as a high rugged tableland, 
some 2000 to 3000 feet in altitude above these rivers. 
_ From this tableland streams falling into the Snowy River and 
the Buchan (or Native-Dog Creek) have cut deep clefts, among whose 
rugged defiles the geologist can only make his examinations with 
great difficulty and not altogether without danger. 

The subjoined diagram section (fig. 6) across this tableland will 
illustrate my views of its structure, and is also generally applicable to 
other places where I have crossed it, as, for instance, from Fanwick 
to Mountain Creek, or from Buchan to the Rodgers River. ‘The 
natural features have been condensed, and the horizontal distance 
much shortened, in order to bring the whole under view. The dip 
of the country generally seems to be towards the sea-coast from the 
Great Dividing Range, so that at Buchan the “ Lower Paleozoic 


M‘Coy, F.G.S., Professor of Natural Science in the Melbourne University, 
Government Palzontologist, &e. &e. 

* Intercolonial-Exhibition Essays, 1866. Professor M‘Coy “On the Recent 
Zoology and Palzontology of Victoria,’ Essay No. 7, p. 327. 
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foundation ” which is seen at the 
Black Mountain or Fanwick is no 
longer visible, having sunk below 
the level of the rivers. 

In constructing this diagram sec- 
tion, I admit that much of the sub- 
terranean representation must ne- 
cessarily be hypothetical, and its 
possible truth must depend, in a 
great measure, upon the accuracy 
of my observations and also upon 
the soundness of the inductive rea- 
soning based upon them. 

In the observations made as to 
the surface appearances, I can feel 
the confidence which has been 
created by repeated examinations 
during the last five or six years; of 
those features I have inferred to 
exist, such as the subterranean ex- 
tension of the Silurian strata of the 
Limestone River and the position 
of the central mass of quartz-por- 
phyries, I may say the following 
words :— 

At the north-west end of the sec- 
tion the limestones and slates sud- 
denly end at the foot of the por- 
phyry hills forming the east side of 
the Limestone River ; they present 
no more than the normal degree of 
disturbance or alteration, nor any 
such appearances as would lead 
me to suspect that the igneous 
rocks had come up through them. 
On the contrary, where last seen, 
they appear merely to pass under 
the great mountain of porphyritic 
rock which there forms part of 
the Great Dividing Range. These 
rocks themselves are found on ex- 
amination to be principally quartzi- 
ferous felstones, which I regard as 
merely altered ash; for almost 
everywhere the weathered surfaces 
show more or less of the fragmen- 
tary nature of the composition. I 
am informed by persons who have 
prospected for gold in the streams 
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falling into the Limestone River from the Great Dividing Range at 
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the place I speak of, that, in shafts sunk through the detritus in the 
beds of those streams among the porphyritic hills, slates and lime- 
stones similar to those in the Limestone River are found as the bed- 
rock. 

In the valley of the Native-Dog Creek where that stream has cut 
through the thin remains of Upper Devonian fossiliferous limestones 
and shales into the underlying porphyries, several masses of meta- 
morphosed sedimentary rocks of a most remarkable character are re- 
vealed protruding from the peaty soil and snow-grass. These have 
apparently been calcareous shales, but are now calcareous schists of 
a pale yellowish or nearly white colour, and are not only extremely 
altered, but are bent into the most abrupt angular contortions. I 
may roughly represent the appearance of these schists thus :— 


Fig. 7.—Contorted Schists, Native-Dog Creek. 


They present no similarity to any of the metamorphic schists of 
North Gippsland which I have ever seen. ButI have observed that 
among the limestones and slates of the Limestone River there are 
thin calcareous bands which may represent the comparatively un- 
altered condition of the schists of the Native-Dog Creek. Further 
to the southward down the same stream, but above Fanwick, is 
another patch of shales and crystalline limestones, here also altered 
in an unusual manner, but somewhat similar to those I have just 
described. They appear in a deep valley from under the great por- 
phyritic tableland. From these appearances I believe that the in- 
dicated extension of the Limestone-River strata is not inconsistent 
with the probable truth. 

In mentally looking over the whole district, I perceive that here 
and there mountains or ridges of quartz-porphyries stand out from 
the “ Snowy-River Porphyries” or in their neighbourhood, in the 
latter cases being often in the Marine Tertiary areas, from which 
they rise as isolated hills. Taking the Wombargo Mountain as an 
example, I notice that grouped round the central mass of quartz- 
porphyries there are immense thicknesses of successive accumulations 
of ash, agglomerates, and felstones, which, where the deeply cut 
ravines show the vertical structure, are often clearly seen to be not 
only bedded, but also seamed with dykes of compact pale-coloured 
felstone. These appearances are seen in descending from Wombargo 
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oe the Native-Dog Creek, to the Toonginbooka River, or to the Little 
iver. 

Many of the agglomerates are extremely interesting. They are 
formed entirely of angular or slightly rounded fragments, varieties 
of felstone, or of quartz-porphyries, and with, in some instances, 
fragments of granite; these fragments are of all sizes from almost 
dust up to several fect in diameter. When the base is light in hue, 
or dark red, the contrast to the variously coloured and textured 
fragments is striking. Generally, however, the weathered surfaces 
are dull, and only show the fragments standing out in relief. 

The whole of these rock masses have evidently been subject to 
great changes; they are almost universally quartziferous, the quartz 
being more or less perfectly crystallized in double pyramids ; and I 
suspect that a great part of the apparent felstones is merely altered 
silicified ash. 

The general series of this formation, as seen in the deep gorge of 
the Little River, may be about 2000 feet ; the stream has cut a con- 
stant succession of falls in its rock-bound chasm. ‘The lowest rocks 
visible are allied to the quartz-porphyries with occasional agelome- 
rates; in the upper parts there are agglomerates, ash, and felstones, 
all much consolidated and siliceous, and penetrated by irregular 
branching veins and dykes of hard white felstone. In this gorge 
I found some of the beds of coarse ash beautifully distinguished 
from each other, not only by marked planes of deposit, but by the 
different texture of the beds themselves. The whole of the series 
appears to be of subaerial origin. 

All these considerations have led me to believe that in the Wom- 
bargo Mountain we may recognize the site of a Paleeozoic voleano, 
the central mountain being the denuded core round which some 
small portions of the vast masses of ejectamenta still remain 
grouped. 

The Cobboras, St. Pancras Peak, Mt. Statham, may be indicated 
as presenting quite similar appearances to those of Wombargo, and 
taken together may possibly represent a somewhat north and south 
line of volcanic orifices extending southward through the Buchan 
country. The isolated mountains which I have mentioned as stand- 
ing in the Marine Tertiary area convey to my mind a strong sugges- 
tion of similar origin and similar age. Such are Mount Taylor and 
Mount Nowa Nowa, in the neighbourhood of each of which the 
Tertiary gravels are largely composed of felstones and other igneous 
rocks belonging to the “ Snowy-River Porphyries.” 

The relative proportions, as given in the sketch section, of the central] 
quartz-porphyry and the surrounding felstones, are no doubt quite 
conjectural, and the former I believe to be far in excess of the truth. 
I merely wished to indicate as nearly as possible the general genetic 
relations, as I believe them to be, of these most interesting rock 
masses. 

(e) Middle Devonian.—I have already pointed out that the an- 
cient volcanic materials of the Snowy-River country rest upon the 
Silurian, and are overlain by Middle-Devonian marine beds. On 
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taking a general view of North Gippsland it is seen that there are 
isolated patches of limestones which present perfeetly similar charac- 
ters as to position and lithological character, and, what is of more 
importance, an identity of fossil remains. Mr. R. Brough Smyth’s 
geological sketch map of Victoria well shows this. These limestone 
patches are usually found, as at Buchan, in the hollows of basins 
formed in and surrounded by the Snowy-River porphyries; at the 
‘“« Basin” and on the Snowy River at the junction of the Rodgers 
River, not far from Buchan, similarly situated; or, as at Bindi, 
where the basin is formed by granites, quartz-porphyries, indurated 
Silurian and erystalline schists, in fact the “‘ Lower Palxozoic 
rock-foundation.” At New Gellingall, on the Buchan River, the 
basin resembles that of Buchan. At Gelantipy, however, we find 
three small outliers of the Buchan Limestone on the summit of the 
tableland, resting on the Snowy-River porphyries, and covered by 
late Tertiary (Pliocene ?) doleritic rocks. 

These limestones are generally somewhat thick-bedded and com- 
pact, usually of a dark blue or blackish colour, and undulate at a 
somewhat low angle, but are in places seen to have been much 
folded at high angles. They produce a country of rolling hills or 
steep grassy ridges, with an excellent red soil, and lightly timbered 
with Hucalyptus and Acacias. ‘Sinkholes ” are of common occur- 
rence, as in other limestone districts, and the scenery is strikingly 
soft and pleasing in contrast to the harsh and rugged mountains 
which frame these basins. 

The age of these Buchan Limestones has been determined by 
Professor M‘Coy as being Middle Devonian*. 

At Buchan argentiferous galena and copper-ore, principally py- 
rites, has been found and worked. 

At Tabberabbera, at the junction of the Mitchell and Wentworth 
Rivers, I have found a group of strata which present features dif- 
fering in many respects from those just described, but which, from 
the fossils gathered from them by me, have been referred by Pro- 
fessor M‘Coy to the same age as the Buchan Limestones f. 

The group of strata at Tabberabbera consists mainly of more or 
less indurated or slaty shales, which alternate with quartzites, 
coarse sandstones with pebble bands, and has a subordinate belt 
of compact dark blue limestone. The fossils are found abundantly 
in a black shale adjoining this ; but the limestones have not as yet 
yielded any thing. 

The inclination of these strata is nearly as great as, and their general 
direction of strike and of dip approximate to, that usually found in 
the great series of slates and sandstones with auriferous quartz veins 
which are regarded as Silurian, and together with which the Tab- 
berabbera shales have been also folded. The extension either on 
the strike or laterally, I have as yet been quite unable to deter- 
mine; but I believe itto be great. I have identified this group down 
the course of the Mitchell River nearly to Cobbannah Creek ; to the 

* Jntercolonial-Exhibition Essays, 1866, No. 7, p. 327. 
t Report of Progress, Geological Survey of Victoria, No. 2, p. 72. 
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westward, wherever the nearly vertical strata have been laid bare 
by denudation and erosion, these strata, shales, and quartzites re- 
semble those of Tabberabbera more than any others in the district, 
and of these they are apparently an extension. Such rocks are to be 
seen at Cobbannuh Creek, at Davy’s Nob, and thence through to 
Maximilian Creek, where they constitute the “bed rock” of the 
gold-workings. 

The subjoined section (fig. 8) will convey an idea of the position 
of the Tabberabbera shales, and is also applicable in its general 
features throughout the localities which I have just named. 


Fig. 8.— Diagram Section across the Mitchell River near Tabberabbera. 
8.W. Mitchell River. N.E, 


a. Tabberabbera Shales (Middle Devonian). 
6. Iguana-Creek beds (Upper Devonian). 
ce. Felstone sheet. 


The Tabberabbera shales have been greatly disturbed and pierced 
by dykes and masses both of basic and acidic igneous rocks. The 
former are probably doleritic or basaltic, and the latter porphyritic 
and quartziferous felstones. 

One peculiarity in regard to the position of the Tabberabbera 
shales deseryes mention. The Lower Paleozoic rocks in most places 
constitute the “ foundation ” on which the Upper Paleozoic strata 
have been laid down; but here we find that the Tabberabbera shales 
have, together with all older formations, been folded, compressed, 
and denuded ; and on the surface thus formed the nearly horizontal 
Upper Devonian beds are found to rest. We have therefore the 
second great stratigraphical break, or horizon, between the Middle 
and Upper Devonian formations. Although the distinction between 
the amount of disturbance by which the strata above and below this 
plane have been affected is more marked than the analogous difference 
of disturbance above and below the First Stratigraphical Horizon, 
yet I think that this is due merely to the fact that in descending in 
time we find that each successive group of rock-formations has been 
subjected to a cumulative series of disturbing forces. 

(f) Upper Devonian.—The various isolated groups of strata which 
have been referred to the Middle Devonian period appear to be 
merely the remains of a once widespread formation which probably 
extended over the whole of North Gippsland. The sketch section 
which I have given (fig. 8) will, to a certain extent, show the facts ob- 
seryable at Bindi, Tabberabbera, and other places, from which it is 
evident that the denudation to which that formation was exposed re- 
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moved the greater portion of it before the succeeding groups of strata 
were laid down. Denudation had also probably removed much of 
the volcanic materials of Wombargo and other localities of the Snowy- 
River porphyries. I have now to consider those groups of strata, 
which I believe may be classified as above. 

Mr. Selwyn described several groups of strata in North-east 
Gippsland, in the localities of the Avon, Freestone Creek, Iguana 
Creek, and Mount ‘’ambo, as provisionally classified as Upper Paleo- 
zoic, and he regarded the plant-bearing sandstones and conglome- 
rates of Mount Tambo as being below the fossiliferous limestones of 
Bindi, and therefore as ‘‘ older than the true Huropean Paleozoic 
coal-measures ”*, 

I believe that I shall be able to show that this view of the pro- 
bable age of the Mount-Tambo beds is untenable, being based on a 
misconception of the true stratigraphical relations of the Mount- 
Tambo and Bindi formations. At first sight, however, their posi- 
tions appear to be such as are indicated by Mr. Selwyn. 

The groups of strata which until now have collectively been 
spoken of as the Avon Sandstenes have recently been separated into 
two divisions—the Avon Sandstones proper, containing Lepzdoden- 
dron australe, M‘Coy, and referred to the base of the Carboniferous +, 
and the Iguana-Creek beds, with Archeopteris Howitt, M‘Coy, Anez- 
mites iquanensis, M‘Coy, and Cordartes australis, M‘Coy %, and re- 
ferred to the Upper Devonian. 

Still further inquiries have enabled me to extend the Iguana-Creek 
beds northward as far as Tabberabbera, and westward as far as 
Maximilian Creek, thus confining the Avon Sandstone proper within 
much narrower limits than formerly. The exact stratigraphical 
relations of the two groups have not yet been worked out. At 
present I incline to believe that the passage may be gradual from 
one to the other, that is, from the Upper Devonian to the Lower 
Carboniferous, which is not unusual elsewhere. 

I now proceed to describe the Upper Devonian strata from the 
typical locality Iguana Creek, and from which I have named the 
whole group. 

Iguana Creek joins the Mitchell River just within the line where 
the fringing marine Tertiaries thin out on the older rocks. It is 
here that the Iguana-Creek beds are seen to dip at a low angle under- 
neath the Tertiary sands and clays. ‘The base of the series is not 
here visible, the “‘ Lower Paleeozoic formation” having dipped to- 
gether with the overlying strata, so that at the place mentioned, and 
also generally, though not at all places along the same line, it is 
velow the water-level of the rivers. 


* “Notes on the Physical Geography, Geology, and Mineralogy of Victoria,” 
by A. R. C. Selwyn, &c., Intercolonial-Hxhibition Essays, 1866, p. 17. 

+ A.B. C. Selwyn, “ Notes on the Physical Geography, Geology, and Mineralogy 
of Victoria,” &c., Intercolonial-Exhibition Essays, 1866, p. 15; and ‘ Prodromus 
of the Palxontology of Victoria,’ decade i. p. 87, by Frederick M‘Coy, F.G-S., 
Government Palzontologist, &c. 

t ‘Report of Progress, Geological Survey of Victoria,’ No. 2, p. 72. 
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The section as seen at Iguana Creek, commencing at the river- 
level, consists of alternating shales, sandstones, quartz-grits, and 
conglomerates. The shales are either without apparent stratifica- 
tion and of a brick-red or purple colour, or thinly laminated and 
bluish or greenish grey, and it is in these latter that I have found 
the plant-remains before mentioned. 

Plant-impressions are, however, common, but indistinct in charac- 
ter, though frequently indicating the ribbon-like character of Cor- 
daites. The conglomerates are of quartz and other hard and sili- 
ceous rocks, and together with the sandstones and quartz-grits 
intermingle and exhibit interesting examples of false bedding and 
changing condition of deposits. The upper parts of the series are 
mainly quartzose sandstones; and some of the lower rubbly shales 
become locally nodular and calcareous. 

The thickness of the series visible at Iguana Creek is probably 
under 800 feet. The continuity of the beds is unbroken to Tabbe- 
rabbera, as I ascertained last summer by descending the Mitchell 
River in a canoe, accompanied by two black fellows, and by that 
means was able to examine the constant succession of grand natural 
sections which the rocky gorges of that untraversed river-valley 
present, which would not be accessible, except in isolated places, by 
any other means. 

Having premised that the Iguana-Creek beds continue in an un- 
broken manner to Tabberabbera, about 20 miles, I must now, in 
order shortly to point out the interesting features of this Upper De- 
vonian group, refer to a locality where the natural sections will 
be found to disclose the underlying older Paleozoic rocks, which no 
doubt elsewhere also underly the Iguana-Creek beds at no great 
depth. 

"he valley of the Mitchell River shows at Tabberabbera sections, 
two of which I have condensed in the sketch, fig. 8. The lower nearly 
vertical shales, sandstones, and limestones contain Middle Devo- 
nian marine fossils, and have evidently, together with the still older 
Palzozoic sedimentary rocks, been tilted, compressed, and denuded, 
so that at present their extension to the north is undetermined be- 
yond a distance of 2 miles from Tabberabbera, and is quite undeter- 
mined to the east and west. To the south they extend down the 
Mitchell River to near Cobbannah Creek. Lying nearly horizontally 
on these, the slight dip being southward, we find about from 800 to 
1000 feet of sandy shales, conglomerates, and sandstones, principally 
of a reddish or yellowish colour. We have here the north-eastern 
escarped edge of the Iguana-Creek beds. esting on the lowest bed, 
a red sandy shale, is a sheet of porphyritic and nodular felstone, in 
which irregular cavities have been filled by agate or quartz, either 
completely or as geodes. Above this is the remainder of the series 
of conglomerates and sandstones. 

The same sequence of beds is seen in following down the Mitchell 
River to Cobbannah Creek, where the felstones sink out of sight, 
and where the overlying sedimentary strata are about 500 feet in 
thickness. The felstones show as a rugged cliff where last visible, 
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about 80 feet above the river, and they present almost the same tri- 
plicate appearance of compact beds with either porphyritic ortho- 
clase and quartz crystals, or quartz crystals alone, in a compact base, 
and one well-marked bed of nodular and geodic felstone. The re- 
markable persistence of these well-marked divisions over so large an 
area leads me to regard this as a contemporaneous sheet. 

Dykes and masses of diorite and of other basic igneous rocks, which 
I have not as yet been able satisfactorily to determine, of porphy- 
ritic and quartziferous felstones, have penetrated, cut off, and gene- 
rally disturbed the nearly vertical Tabberabbera shales, but do not 
seem to have risen up through the Iguana-Creek beds. 

In Maximilian Creek, about 16 miles to the westward of Iguana 
Creek, which I lately visited in company with Mr. Reginald Murray, 
of the Geological Survey of Victoria, I found the series of strata 
shown in the subjoined sketch (fig. 9), which has been condensed 
from several natural sections. : 


Fig. 9.—Diagram Section of Group of Beds at Maximilian Creek. 


. About 800 feet... 


a. Quartzite. d. Porphyritic, quartziferous, 
b. Coarse quartz and slate conglome- and concretionary felstones. 
rate. e. Shales. 
ec. Coarse reddish sandstones with jf Quartz conglomerates. 
pebble bands. g. Sandstones with pebbles. 


I need only point out that, making due allowance for slight litho- 
logical differences, we have here identically the same series of rocks, 
both sedimentary and igneous, as that seen at Tabberabbera and 
the Mitchell River near Cobbannah Creek. ; 

In following the northern edge of the Iguana-Creek beds no break 
is found to the westward, and they appear continuous with those at 
Maximilian Creek. 

In the absence of any paleontological evidence the indications 
afforded by the groups of strata themselves are stratigraphically so 
strong that I have no hesitation in regarding the Maximilian-Creek 


GEOLOGY OF NORTH GIPPSLAND, VICTORIA. 29 


beds as a continuation of those of Iguana Creek, and therefore Upper 
Devonian, rather than as belonging to the Avon Sandstones, which 
are comparatively near at hand to the west. 

The nearly vertical quartzites and thin slaty shales which, at 
Maximilian Creek, seem to represent the indurated shales and sand- 
stones of Tabberabbera, have been cut across by a very strong dyke 
of compact and, in some places, vesicular diorite. Possibly only as a 
coincidence this dyke shows prominently at the two localities where 
the most remunerative alluvial gold-workings have been met with. 

Proceeding up the Mitchell River to where it is joined by the 
Moroka River, which rises among the almost unknown defiles of the 
great mountain mass north of Castle Hill and Mount Wellington, we 
find the picturesque mountain known as the Snowy Bluff, standing at 
the junction of those rivers. It rises immediately from the yalley, 
first buttressed by rugged forest-covered ridges, then up to the sum- 
mit with a series of encircling precipices and steep grassy slopes. 
The height of the Snowy Bluff is about 4500 feet above the sea. 

This, perhaps the grandest natural section in the Gippsland moun- 
tains, gave me the following section (fig. 10), which I have condensed 
in order that the features may be brought somewhat into more 
prominence and less space. 


Fig. 10.—-Diagram Section of the Snowy Bluff. 
Mitchell River. 


About 5000 feet. 


—— 


a. Slates aud Sandstones (Silurian ?). h. Alternating red sandstone and 
6. Coarse conglomerate. slaty shales, with two felstone 
c. Red Sandstone. beds. 

d, Biner conglomerate. 2. Melaphyre. 

e. Red sandstone and red sandy shale. k. Coarse reddish sandstone. 

f, Porphyritic and quartziferous felstones. /. Quartz conglomerate. 

g. Yellow and red slaty shales. 


We sce here on an enlarged scale the same group of strata which 
is met with at Tabberabbera, the Mitchell River, and Maximilian 
Creek. Of the nearly vertical slates and sandstones forming the 
basis of the section I can say no more than that they are evidently 
part of the “‘ Paleozoic rock foundation,” and are not unlikely of 
the same age as the auriferous rocks, near at hand, of the Wonan- 
gatta, Wongungarra, and Crooked Rivers. Theoverlying sedimentary 
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beds are more or less coarse conglomerates, sandstones, sandy or 
slaty shales, all of a reddish or yellowish colour, and narrowly re- 
sembling similar beds in the Iguana-Creek series. We have also here 
a great thickness of felstones, in which occur not only the wavy un- 
dulating lines of various colour, but also the angular fragments of 
different colour and texture such as are seen so frequently in the 
ash and fine agglomerates of the Wombargo Mountain and other 
localities of the Snowy-River porphyries. 

Near the summit the Snowy Bluff is encircled by a high precipice. 
The rugged face is worn into cavernous hollows as the component 
rock varies in hardness, and is seamed in all directions by a multi- 
tude of joints. It is only to be ascended in a few places, where 
rain-gullies have cut through from the upper grassy slopes of the 
mountain; but elsewhere is the inaccessible haunt of the Rock Wal- 
laby. 

This series, some thousand or more feet in apparent thickness, 
consists of various beds of a basic igneous rock, either porphyritic 
with plagioclase prisms, as in the lowest bed visible, or dense in 
texture, or vesicular and amygdaloidal, as in the upper parts. But 
everywhere the joints are lined or filled by quartz, chaleedony, or 
yellowish-green epidote ; and the cavities are either geodes of quartz 
and epidote, or filled by those minerals severally or by chalcedony. 
An examination of this precipice and of its various component por- 
tions, as well as of the underlying and overlying strata, has led me 
to conclude that these basic igneous rocks are interbedded, and not 
intrusive. 

A preliminary examination of some thin sections of these rocks 
which I have prepared for the microscope at once disclosed to me 
the familiar appearance of close-grained dolerite or basalt, in which 
either the plagioclase or the magnetite were predominant, and in 
which quartz, chalcedony, and epidote have been very largely intro- 
duced as secondary minerals. The plagioclase has in many cases 
been altered from the centre outwards by (apparently) chloritic 
minerals, and the magnetite has become still further oxidized, so as 
to show the translucent blood-red colour of hematite. 

In accordance with the views which appear now to meet with 
general acceptance*, these rocks, as being probably dolerites or 
basalts of pretertiary age, would be classed under the restricted term 
of Melaphyre, or perhaps they may with still greater propriety be 
called Upper Devonian Dolerites. 

In a paper which I am preparing for the next Progress Report of 
the Geological Survey of Victoria I hope to be able to describe more 
fully the microscopic as well as the macroscopic peculiarities of 
these most interesting rock masses. 

In proceeding to the eastward of the Mitchell River no traces of 


* Zirkel, ‘Untersuchungen, &e., der Basaltgesteine,’ p. 198: Tschermak, 
‘Die Porphyrgesteine Oesterreichs,’ p. 136 ; Allport, “ Microscopic Structure and 
Composition of British Carboniferous Dolerites,” Quarterly Journal of the Geo- 
logical Society of London, 1874, vol. xxx. pp. 529, 530. Other references might 
be given, but these may suffice. 
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formations similar to those I have now endeavoured to describe are 
met with until Mount Tambo is reached beyond Omeo. 

The subjoined diagram section of the Mount-T'ambo beds (fig. 11) 
is condensed from the sections which I have worked out to illustrate 
the paper I have already mentioned. 


Fig. 11.—Diagram Section across the Mount-Tambo beds. 
8.W. Scrubby Creek. Mount Tambo. N.E. 


a. Tambo beds. d. Granites. 
6. Bindi Limestone. e. Silurian. 
e. Quartz-porphyries. 


We have here the lowest part of a synclinal fold resting uncon- 
formably on the Bindi Limestone, and in a basin of the “ Lower 
Paleozoic rock-foundation.” The series commences with a thick 
coarse conglomerate of pebbles of quartz, indurated slates, and other 
siliceous rocks, and extends upwards, through sandstones, grits, 
and red rubbly shales, to another thick bed of somewhat similar 
but less coarse conglomerate. From this point the mountain slopes 
rapidly into lower country. All these beds to the second conglo- 
merate thin out to the southward, and are entirely wanting in Bindi. 

The remainder of the series gradually becomes finer in character 
until the uppermost beds are all rather fine sandstones and slaty 
shales. 

Conglomerates show again at the next margin of the basin, and 
I regard these as being the probable equivalents of the second con- 
glomerate. Shortly following that conglomerate I have found a 
thick band of compact yellowish or whitish felstone, which is in 
places quartziferous. But I am quite unable at present to say 
whether it may represent the felstones of Tabberabbera, Maximilian 
Creek, and the Snowy Bluff, or whether it is a very large intrusive 
mass. 

A great irregular dyke-like mass of diorite (?) is also visible in 
one section, but does not seem to show either to the north or south 
along the strike of the Tambo beds, and is doubtiess intrusive. 

I was unfortunately unable to find the plant-bearing shales men- 
tioned by Mr. A. R.C. Selwyn*; but bearing the fact stated by him 
in mind, and considering the marked resemblance in the lithological 
character, the sequence, and stratigraphical position of the Tambo 
beds, their resemblance to those of Iguana Creek becomes strongly 


* Jntercolonial-Exhibition [ssays, 1866, ‘Notes on the Physical Geogra- 
phy, Geology, and Mineralogy of Victoria,” p. 15. 
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apparent ; and I incline to the belief that they belong to the age of 
the latter, that is, that they are Upper Devonian. Their position 
as regards the Middle Devonian limestone of Bindi favours this view. 

Further again to the eastward numerous traces of ancient con- 
glomerate beds are met with resting on the summits of the mountains, 
as, for instance, near Carrabungla, at the sources of the Limestone, 
Tambo, and Reedy Rivers, on the flanks of the Cobboras near 
Cowombut, and again further to the south and east at Combyingbar, 
near the boundary-line of this colony. ‘These are similar to those 
with which the groups at Mount Tambo and the Snowy Bluff com- 
mence, and may, with much probability of truth, be regarded as 
parts of the Great Upper Paleozoic arch, of which the Iguana-Creek 
beds seem to be the lowest. 

According to an opinion expressed to me by Professor M‘Coy he 
regards the marine limestones and shales of the Native-Dog Creek and 
Cowombut as somewhat older than the Iguana-Creek beds, and this 
would accord very well with the facts I have observed in the field ; 
for at the former places the last traces of these marine beds are 
found to be resting on the Snowy-River porphyries in the bottoms 
of basins, while high up on the intervening mountains (the Cobbo- 
ras) are the old conglomerates of which I have spoken. 

It will have been remarked that almost invariably the Buchan 
and Bindi Limestones, wherever met with, are seen to lie in basins 
of the older rocks. ‘The same peculiar feature is to be remarked in 
the Upper Devonian limestones and calcareous shales of the Native- 
Dog Creek and of Cowombut, and in the Mount-Tambo and Snowy- 
Bluff beds. The explanation is afforded by the section at Mount 
Tambo and by a view of the north side of the Snowy Bluff. 

We there see that the preservation of these beds is due to the 
circumstance that in the folding of the earth’s crust, after the laying 
down of the Devonian strata, certain portions formed what may be 
termed ‘‘ pockets” in the lower “ paleeozoic formation.” Subsequent 
denudation left these ‘“ pockets” below the general surface, and 
erosion by the rivers has worn them out into basins by the removal 
of the limestones and shales more rapidly than the refractory and 
silicified rock masses in which they generally rest. In Mount 
Tambo and the Snowy Bluff we may see the converse of the process 
which I have indicated as having taken place in regard to the De- 
yonian limestones. In those instances the synclinal ‘“ pockets ” 
consisted of siliceous rocks which have proved harder to remove than 
the older formations in which they were enfolded. 


3. Carboniferous. 


(g) Avon Sandstones.—Of this group of strata [I am at present 
able to say but little. Mr. A. R. C. Selwyn, in the ‘“ Notes on the 
Physical Geography, Geology, and Mineralogy of Victoria,” Exbibi- 
tion Essays, 1866, speaks of them as being “ yellow and brownish 
red coarse-grained sandstones and micaceous freestones with nume- 
rous impressions of plants. Very good specimens of Lepidodendian 
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are found here, also other vegetable impressions not sufficiently 
distinct to be determined.” He adds that these plant-beds are 
underlain by a great thickness of purple-red rubbly and nodular 
shales, interstratified with purple-red and claret-coloured sandstones. 

Professor M'Coy, in his essay on the Paleontology of Victoria 
(Exhibition Essays, 1866), says that the sandstones of the Avon were 
the only trace of the Carboniferous formation which he could recog- 
nize in Victoria, and the only fossil from them, the Lepidodendron, 
identical with that recognized by him many years before from New 
South Wales and Queensland; and further, in the ‘ Prodromus of 
the Paleontology of Victoria,’ Decade I., he figures and describes this 
among the Paleozoic coal-plants (Carboniferous series) as Lepido- 
dendron australe, M‘Coy. 

Up to the present time opportunity has been wanting to enable 
me to visit the Avon country and make a personal examination. 
As I have already pointed out, the Avon Sandstones do not extend 
at any rate to the eastward of Maximilian Creek, and thus the 
bounds have been narrowed down within which the correlation of 
the Lepidodendron-beds of the Avon with the Archwopteris-beds of 
Iguana Creek is to be sought. Present information leads me to 
suspect that the passage may be gradual and undefined. 


Ill. Tertrary. 


Passing upwards from the rocks of the last-described period, there 
is an immense break in the geological series ; the missing part of the 
record seems so completely lost that there are no means, so far as 
my present knowledge goes, to enable us even to suspect where any 
portions of it ever existed in the district I describe. 

In looking at the sketch section, fig. 1 (p. 6), it will be seen at 
onee that the Paleozoic rocks form a great mass of mountainous 
eountry fringed on the north and south by Tertiary deposits ; the 
former those of the “‘ Murray basin,” the latter marine. Whether 
the Mesozoic Coal-measures of South Gippsland extended over the 
northern part of the district, in the same way that we see the Upper 
Paleozoic groups did, is not known. ‘There are at present no data ; 
but, so far as I can judge, it seems to me very doubtful. 


4. Miocene. 


(h) Bairnsdale Limestone.—The oldest of the Tertiary formations 
in North Gippsland is the Bairnsdale Limestone, collections of fossils 
from which have been referred by Professor M‘Coy to the Middle 
Miocene period *; it is of the age of similar marine limestones of 
Corio Bay and other localities in Victoria. It is a coarse shelly 
limestone, which varies locally in texture, being in some places 
without apparent stratification for considerable thicknesses. Nume- 
rous remains of species of Cypreea, Ostrea, Pecten, and Brachiopoda are 
frequent, together with a large echinoid, probably a Clypeaster. It 
shows itself in the river-valleys of the Mitchell, the Nicholson, and the 


* Geological Survey of Victoria, No. 2. p. 72. 
QJ. G.8. No. 137. D 
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Tambo rivers, and on the banks of the arms of Lake Tyers; but it 
does not seem anywhere to extend to the hills of older formation 
on the north or to the sea-coast on the south. Its surface has evi- 
dently been much affected by denudation and is irregular. The 
rivers have cut deeply into it, leaving high yellow cliffs, which are 
rugged or crumbling as the texture of the great limestone bed varies. 
It probably does not anywhere rise more than 250 to 300 feet above 
the sea-level. 


5. Pliocene. 


(«) Mottun-Creck beds §c.—Overlying the Bairnsdale Limestone, 
filling in its hollows and extending from the hills to the sea-coast, 
are the Upper Tertiary or Pliocene beds. These are mainly sandy, 
clayey, or gravelly deposits, with sometimes, as at Sandy Creek, 
coarse sandy flags or ferruginous conglomerates, with occasional 
concretionary ferruginous bands containing casts of marine shells. 
Collections of these have been submitted to Professor M‘Coy, who 
considers them to be Lower Pliocene and, in some cases, possibly 
Upper Miocene *. 

On the sea-coast at Jemmy’s Point there are calcareous sandstones 
and marls with Upper Pliocene shells similar to those of Wanganui 
in New Zealand, and characterized among others by a new T'rigoma 
(1. Howitti, M‘Coy) and by a Struthiolaria t. 

These marine Tertiary formations, speaking of the whole, rise 
gently from the sea-coast, and thin out, as I have before indicated, in 
the hill-country at heights which vary somewhat in places, but 
which probably may be taken at an average of from 600 to 700 feet 
above sea-level; and I think that no traces of any marine formation of 
Tertiary age are to be found at more than 800 feet above the sea. 
At any rate, though well acquainted with the whole line of contact, 
I know of none. 

The Upper Pliocene fossils of Jemmy’s Point and Lake Tyers are 
the youngest yet found. Regarding these formations in their strati- 
graphical relations, there does not appear to be any well-marked 
break or unconformity to the present time. The indications of 
changing conditions are those seen in the slightly varying composi- 
tion of the various beds and in the evidence of long-continued but 
intermitting elevation of the land, continuing probably to the 
present time. 


6. Pleistocene and Recent. 


We may assume that the upper margin of the sandy and clayey 
beds represents a period somewhat later than the Upper Pliocene 
sandstones of Jemmy’s Point, on which similar sandy clays and 
ferruginous conglomerate beds rest in places. We see that subse- 
quently the rivers have excavated wide valleys in the Tertiary fringe 
of the land. There are also to be seen a series of two or more ter- 
races, extending often from near the coast-line, almost invariably 


i Report of Progress, Geological Survey of Victoria, No. 2, p. 72. 
Ibid. 
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from the margins of the Gippsland lakes far up the river-valleys, 
extending round the margins of the lakes from river to river and up 
the rivers to the foot of the hills. The lowest terraces are in some 
places not more than a few feet above the river-level ; the highest 
terraces may merge into the sandy ridges, and are edged in places 
by the high-level river-gravels. It seems to me not unreasonable 
to refer this Terrace Epoch of Gippsland to the Pleistocene period. 

Succeeding these terraces, and but little elevated above sea-level, 
we find the alluvial flats of the rivers and the swamps and morasses 
bordering the lakes, and, as at Ewing’s Marsh, lying in the hollows 
between an older coast-line and the sand dunes forming the present 
shore-line, 

Nowhere in Gippsland have I been able to detect any appear- 
ances which I could in any way refer to a Glacial period analogous 
to that of the northern hemisphere. I have nowhere met with 
grooved or scratched rocks, erratic boulders, moraines, or any traces 
of ice-action ; and I think that had such existed they would have 
been met with ere this. Mr. Selwyn has, I believe, already noted this. 

The only features of the country which I think could in any way 
suggest glacial conditions are the apparently ancient lake-basins uear 
Omeo. Most of these have now been drained and their beds deeply 
cut into by the streams. The sequence of the various gold-drifts 
has suggested to me that some of the workings were the beds of 
lakes during the Deep-Lead epoch. At Omeo one lake-basin still 
retains some water during and after wet seasons (Lake Omeo), and 
one other isa swamp. ‘The bed of a third is now worked for gold, 
at the Dry Hill, Omeo. A slight alteration in the general level of 
the country would have sufficed to drain these lakes; and I think 
that the succession of several old stream-beds, the traces of which 
as auriferous leads are seen at increasing heights above Livingstone 
Creek, suggest an equal succession of periods of elevation of the land 
and of repose. 

(k) Voleanic.—I believe that all the rocks to be classed under - 
this head belong to the “‘ Newer Volcanic.” They consist of exten- 
sive flows of vesicular or compact dolerites and basalts. Three of 
the large outflows, known as the Wonangatta, the Dargo, and the Co- 
bungra High Plains, are situated at about 5000 feet above the sea- 
level and immediately adjoining the Great Dividing Range. That 
of Nunnyong is only separated from it by the valley of the Tambo - 
River; that of the Gelantipy and Black-Mountain tableland extends 
within fifteen miles of the Central Chain, and is situated on the line 
of high land connecting it with the Coast Range. 

Smaller patches are found on the Buchan River to the west and 
on the Snowy River and near Tubbut to the east of Gelantipy. 

Independently of the great outflows of the Bogong Mountains 
which I have spoken of (Cobungra High Plains &c.), there are some 
minor tracts on the Morass Creek, the Gibbo River, and Wambat 
Creek, all on the northern side of the watershed. 

The larger areas named above are found capping the summits of 
the mountains, and also, in places, as flows, partially tilling the valleys, 
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They are not only scarped at the sides, but occasionally completely 
isolated by the sources of streams feeding the adjoining rivers. 
There is, for instance, evidence pointing to the conclusion that the 
Dargo and Cobungra High Plains were onee continuous across the 
present valleys of those rivers. This is shown by the Tabletop 
Mountain, which stands in the valley of the Upper Dargo River. 

Underneath these flows is found in places auriferous quartz-gravel, 
which is now worked by miners. ‘The deposits have not yet been 
sufficiently opened up to admit of any opinion being formed as to 
their precise nature or value; but there is little doubt that they will 
prove to be the ancient beds of those streams which now flow in the 
valleys a thousand feet or more below. 

At Cobungra layers of black clay have been met with in the auri- 
ferous quartz-gravel, and contain lignite and leaf-impressions ; but 
these have not yet been determined. 

I have nowhere observed the traces of volcanic orifices. It is 
possible that craters may have been situated in those tracts now 
eroded into valleys; but, on the other hand, itis somewhat improbable 
that all volcanic orifices connected with the various lava-flows spread 
over such a wide district should have been obliterated, or that, if such 
existed in the areas now seen as valleys, some traces of them 
should not have remained. During ten years that I have been con- 
stantly looking for such evidence I have never met with it. Mount 
Battery on the Cobungra River certainly appears at first sight to 
resemble a voleanic cone; but on inspection it will be found that it 
is merely a projecting spur from the doleritic sheet of the Cobungra 
River. In places a well-marked columnar structure is seen, vertical 
to the horizontal flow; and I have no doubt that it is merely a much 
thicker portion of the sheet which has filled the former valley, and 
has been subsequently isolated by the river. 

Throughout the whole of the district in which these volcanic rocks 
occur, and which extends only about thirty miles south of the central 
chain, immense numbers of intrusive dykes and masses of basic 
igneous rocks are met with. An inspection of thin slices from a 
great number of these, from all parts of this district, has shown me 
that a large proportion exhibit the familiar appearance of doleritic 
and basaltic rocks, and, moreover, of exactly the same general mineral 
character as the Tertiary dolerites and basalts of the district. These 
are characterized by a predominance of plagioclase and magnetite. 

It seems therefore not impossible that these great doleritic and 
basaltic flows have been emitted from fissures rather than from true 
volcanic orifices. 

It seems worthy of remark that we should find these traces of 
Tertiary volcanic activity following the direction of the Great Dividing 
Range. So far as I am aware, they extend in the same way far into 
New South Wales. 


Gold- Workings. 


I have not touched upon the gold-workings of the district: the 
subject is hardly within the scope or the limits which I had proposed 
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for this paper; but I may remark that my inquiries into the source 
from which the alluvial gold has been derived have, so far, shown 
that the auriferous character of the formations will have to be ex- 
tended from the Silurian to the very highest Paleeozoic groups with 
which we are here acquainted. 

At Tabberabbera alluvial goldis worked where the “ bed-rock”’ is 
Middle Devonian and the overlying strata Upper Devonian. At the 
Lower Mitchell River the whole of the strata are of the latter age. 
At lower Boggy Creek the bed-rock is quartz-porphyry overlain by 
Upper Devonian ; but in this instance, as I have indicated elsewhere*, 
the gold may have been derived from the detritus of the Silurian 
hills higher up the stream. At Maximilian Creek the lowest strata 
of the upper part of its course are probably Middle Devonian 
overlain by Upper Devonian, and in the lower part entirely the latter. 
My inquiries are at present not sufficiently advanced to enable me 
to speak decidedly ; but, so far as they go, the conclusion seems very 
probable that the gold has been derived from the narrow quartz veins 
of the Middle Devonian shales, slates, and quartzites, or from the 
quartz-conglomerates of the Upper Devonian, which have certainly 
been derived from older and probably auriferous strata, or from the 
narrow quartz veins which here also intersect the conglomerate and 
sandstone. <A fragment of quartz containing gold has been given to 
me which is said to have been taken from such a quartz vein in the 
Iguana-Creck beds of Maximilian Creek. Ifthis can be satisfactorily 
substantiated great light will be thrown on the subject. I hope 
before long to be able to seriously attack this important question. 


GENERAL SUMMARY AND CoNncLUSION. 


In the preceding pages I have attempted to give, as shortly 
and as clearly as I could, an account of the physical geography and 
geology of North Gippsland, so far as my inquiries have made me 
acquainted with the subject. I may briefly sum up the conclusions 
which it seems to me may be arrived at, and which I believe to be 
warranted by the facts stated. 

In glancing backwards through the dim geologic ages the earliest 
record of the past which we can discern is the great Silurian series. 
Whatever formations of prior date there may have been, on which 
the ‘* 35,000 feet” of Silurian f slates and sandstones reposed, no 
trace whatever, it would seem, now remains of them. ‘The natural 
forces (dynamical, hydro-plutonic, whatever they may be termed) 
which compressed and folded the strata, which caused them to be 
metamorphosed, partially absorbed, or even invaded by the granites, 
no doubt also completely obliterated all those older rock masses on 
which the Silurian reposed, and from the wearing of which those 
Silurian strata were formed. 

* Report of Progress, Geological Survey of Victoria, No. 2, p. 70. 

t ‘Making due allowance for this repetition of the same beds at the surface, 
the total vertical thickness of the series can scarcely be estimated at less than 


35,000 feet.” —A. R. C. Selwyn in “ Notes on the Physical Geography and Geology 
&c. of Victoria,” Intercolonial-Exhibition Essays, 1866, p. 11. 
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We find that the Upper Silurian Limestones of the Gibbo River, 
and also those of the Limestone River, which I regard as probably of 
the same age, are part of the great general group of Lower Paleozoic 
formations which I have described by the term ‘“‘ the Lower Paleeozoic 
foundation” of North Gippsland. We may therefore not unreasonably 
infer that those great changes in the earth’s crust continued to the 
close of the Silurian period. The surface of all these Silurian strata 
‘shows the long ages of denudation which must have elapsed before 
the succeeding Devonian groups, as we see them, were laid down. 

This long period seems to have been one of volcanic activity. The 
“‘Snowy-River porphyries” show the extension, and the Wombargo 
Mountain reveals to us the structure, of these ancient volcanos. 
Isolated hills of quartz-porphyries and allied rocks which have pene- 
trated the Silurian and the granite suggest strongly the idea of cases 
of similar voleanos from which the ejected materials have been de- 
nuded, but which are still to be recognized in the large percentage 
of felstone and porphyry pebbles in the accumulations of Tertiary 
marine gravels surrounding them. 

That these Paleozoic voleanos were subaerial, and probably ter- 
restrial, may be inferred from the fact that the great piles of felstones, 
ash, and agglomerates now remaining contain no beds which I can 
recognize as aqueous; and this inference would accord with the fact 
that, so far as our present paleontological evidence extends, no 
Lower Devonian marine strata exist; for the Buchan and Bindi 
Middle Devonian limestones rest on the Snowy-River porphyries, 
and these latter upon the Lower Paleozoic rock masses. 

But if the Lower Devonian period was thus one of terrestrial 
conditions, it follows that the succeeding period was one of sub- 
sidence of the land. Denudation must have been very great over 
the Snowy-River porphyries, over the Silurian and the metamorphic 
schists, the granites and quartz-porphyries, before the marine lime- 
stones of Buchan, Bindi, Gelantipy, and elsewhere were deposited. 

To the westward, somewhat similar marine conditions accom- 
panied the formation of the 'Tabberabbera shales and limestones. 

During this Middle Devonian period I am unable as yet to 
recognize any traces of volcanic action. 

Succeeding this period, we have equally clear evidence of great 
and long-continued movements of the earth’s crust. The Bindi 
limestones were denuded; the Tabberabbera shales and sandstones 
were tilted at a high angle, folded, and apparently denuded even 
more than the Bindi limestones. We no longer have strata con- 
taining a well-marked marine fauna; but the beds of Iguana Creek 
and of Mount Tambo only yield us somewhat scanty traces of a terres- 
trial flora; while the shales and limestones of Cowombat and the 
Native-Dog Creek appear to me to indicate a shallower sea or a 
nearer proximity to land than the Buchan and Bindi beds. 

The Upper Devonian conglomerates, sandstones, and shales suggest 
the proximity of land; and volcanic activity is again apparent in the 
felstones and felstone ash, somewhat resembling the older accu- 
mulations at Wombayo and the Snowy River. But these volcanic 
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products seem to be interstratified with aqueous beds. The remains 
of land-plants, the lithological characters and peculiarities of struc- 
ture of the beds, perhaps even the prevailing red colour of all the 
groups of this age (Upper Devonian), suggest to me the possibility 
that we may have here lacustrine rather than marine conditions, 
following the gradual emergence of land from the deep-sea areas 
of Middle Devonian periods, and, if so, yielding another singular 
parallel to observations made in Europe and remarked upon by 
Professor Ramsay *. 

The evidence, so far as it goes, suggests that volcanic activity 
may have become dormant in the east while it became active in the 
west, and also, as seen at the Snowy Bluff, that the volcanic 
materials changed from an acid to a basic character. 

A consideration of all the localities where I know strata to occur, 
which may not unreasonably be referred to the Upper Devonian 
group, of which the Iguana-Creek beds are the type, has led me to 
believe that, at the commencement of the deposition of those strata, 
denudation had almost proceeded to the extent which it has again 
gained. This may be seen at Mount Taylor, Tabberabbera, the 
Snowy Bluff, Cowombat, the Native-Dog Creek, and the Gibbo 
River. 

I have at present no evidence to advance as to the condition or 
the position of the Upper Devonian land. 

Future inquiries may possibly throw light on this obscure ques- 
tion ; and I look forward with some slight hope to an examination of 
the great and almost unknown mass of mountains between the 
sources of the Mitchell and Macallister Rivers, whose dark gorges 
may possibly yield as grand and instructive natural sections as the 
deep defiles of the Snowy River have done. 

Neither is there any light as to the conditions of what is now 
North Gippsland during all the long ages succeeding the Devonian 
until Tertiary times. The Avon Sandstones only show us that they 
were similar to those under which the Iguana-Creek beds were laid 
down. 

The denuding agencies which have removed the enormous thick- 
ness of the Avon and Iguana-Creek groups may certainly have at 
the same time stripped off superior and younger formations ; but, on 
the other hand, it is worthy of consideration that nowhere, so far as 
I know, have even traces of any strata of marine origin younger 
than Carboniferous been met with in the mountains of Hastern 
Victoria above the height of 2000 feet, or, excluding the Mesozoic 
Coal-measures, above the height of 1000 feet from the sea-level. 

Passing over the question whether the Mesozoic Carbonaceous 
rocks of South Gippsland ever extended over the whole, or even 
over the greater part, of North Gippsland, as it is evident the Upper 
Devonian and, perhaps, the Carboniferous formations once did, I 
may point out that all the groups of marine strata of Tertiary age 

* The only reference which I can at present make to Professor Ramsay’s 
paper is in a short summary in Professor Geikie’s edition of Jukes’s ‘Manual of 
Geology,’ p. 567. 
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are horizontal, or merely lie at very low angles; that the highest 
beds thin out on the flanks of the mountains at elevations nowhere 
exceeding 1000 feet, and probably not averaging more than 600-— 
700 feet above sea-level; and, further, that similar statements also 
apply to the Murray-River Tertiaries to the north of the Great 
Dividing Range. 

A careful consideration of the interesting features presented by 
the deep leads of the Ovens District on the north side of the 
mountains, and of the Gippsland Marine Tertiaries on the south 
side, has led me to the belief that at the close of the Miocene or the 
commencement of the Pliocene period, the land-surface of Hastern 

Victoria probably did not differ essentially in its physical features 
from what is seen now, but that it stood at least some 300—400 feet 
lower, relatively to the sea-level, than it now does. 

I perceive, further, that the upper margin of the Tertiary marine 
beds is now some 600-700 feet above the sea; and we have thus 
represented to us continuously, from the Miocene period inclusive, a 
high mountainous country falling in elevation to the westward, and 
having the sea on the south, and varying conditions of land and 
water to the west and north*. 

The fact that different genera of fish are found in the waters 
flowing from the north and south sides of the Australian Alps points 
to a high antiquity of the land-surface, and to a long continuance of 
the watershed. 

Whatever may be the conclusions arrived at in respect to the 
continuity, duration, and elevation above the sea of the land-surface 
during Mesozoic times, it cannot, I think, be doubted that the 
Gippsland mountains have existed as dry land continuously since 
the earlier part of the Tertiary age. 

A difficulty may be felt to arise from the fact that we have at 
Bacchus Marsh Miocene beds with plant-remains of “a totally 
different facies to the recent flora of the country, . . . an entirely 
extinct series of species, having generic and general resemblance to 
the feliage ct Asiatic plants of tropical types of Dicotyledonous 
plants’’>. It seems to me that such a difficulty may possibly be 
more apparent than real. In Eastern Gippsland we find at present, 
in the coast-lands and the river-valleys, a flora which has been 
described by Baron v. Miller as being of an Indian type, before 
which the Hucalyptus-vegetation recedes f. 

The inland mountains and plateaux show essentially the ordinary 
flora of Victoria. If a subsidence of the land were to cause the 
present flora of the littoral country to become fossilized, and a re- 
elevation of the land were subsequently to take place, it might be that 


* So far as I now remember, the Oligocene beds of Mount Martha at Port- 
Philip Bay, which are the oldest Tertiary deposits with which I am acquainted, 
also conform to the generally horizontal position of all the Tertiary groups. 

+ Professor M‘Coy, Intercolonial-Hxhibition Essays, 1866-67, ‘‘ Recent 
Zoology and Palxontology of Victoria,’ p. 16; also Geological Survey of 
Victoria, Quarter-sheet, No. 12, N.H., notes 5 and 12. 

t Catalogue of the Victorian Exhibition, 1861. Essay by Ferd. Miller, M.D., 
Ph.D., F.RBS., &e. 
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the changed conditions of the land would no longer permit the 
spread of Hast-Australian forms of vegetation into the newly- 
emerged tract, but that it would be occupied by Victorian forms. 
The geologist of that time would then meet with a somewhat 
parallel case to that now seen in the difference between the Miocene 
fossil flora of Bacchus Marsh and the recent flora of Victoria. 
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2, On Foyarrz, an Kimourtic SyENrTE occurring in PortuGaL. By 
Cuartes P. Suersnur, Esq., Ph.D., F.G.S., Assoc. Inst. C.E. 
(Read May 22, 1878.) 

[Puatss I. & II.] 


Tue name of this rock is derived from the locality where it occurs, 
viz. from Mount Foya, in the south of Portugal. It is cursorily 
referred to as granite in Charles Bonnet’s description of the Province 
of Algarve ; and as early as 1861 specimens of it were submitted to 
Professor Blum, of Heidelberg, who was the first to examine its 
composition*. This distinguished petrologist at once recognized it 
as a true nepheline-bearing syenite ; and so struck was he with the 
close resemblance it bears, not only to certain Norwegian syenites 
(often erroneously termed zirconia-bearing syenites), but also to a 
syenite occurring in one of the Cape-Verd islands, that he united 
them all into a separate group called Foyaites. Of these, however, 
the Foyaite proper is so rarely met with that, to the large majority 
of petrologists, it 1s almost terra incognita ; nor is the locality itself 
easily accessible to geological research. J have been enabled to 
examine under the microscope more than 40 sections of this rock 
representing different parts of the locality; and so interesting and 
varied is its composition, that it may not be inopportune to give a 
description of it, which I shall preface by a rapid sketch of the 
leading features of the Foya district, as iulustrated by the annexed 

plan and section (Plate I.). 
The range of hills which forms the northern boundary of the 
ancient province of Algarve, in the south of Portugal, may be 
regarded as a continuation of the Sierra Morena in Spain, inter- 
cepted by the river Guadiana. It consists chiefly of Devonian grey- 
wacke, slates, and sandstones, and, striking west, reaches nearly to 
the Atlantic, whilst its numerous southerly spurs come in contact 
with Jurassic limestones and Cretaceous strata as they approach the 
coast-line. It is in the north-western part of Algarve, viz. in the 
Sierra de Monchique, that from the greatly disturbed and contorted 
greywacke strata there rises an extensive outcrop of crystalline 
rock in the shape of two flat, elongated domes—the Foya and the 
Picota. They are the highest points south of Lisbon, their altitudes 
being 905 and 735 metres, or 2968 and 2410 feet respectively t. 
The point of contact with the greywacke strata lies at contour 182: 
hence the vertical outcrop of the crystalline mass is equal to 726 
metres, or about 2400 feet, whilst the superficial area it covers 
amounts to about 84 square miles. It is a noticeable feature that 
the Picota does not follow the general direction of strike, and that 
its longitudinal axis deviates from that of the Foya by an acute 
* Jahrbuch fiir Mineralogie, 1861, p. 426. ‘The specimens were collected by 


Dr. Reiss. 
+ The gerade are taken from General Folque’s Ordnance Map of eee 
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angle of about 34°. The two mountains are united at their base, 
thus forming a valley which is called the “ Barrocal,” and which, 
owing alike to its beautiful climate and exuberant vegetation, is 
Yooked upon as an El Dorado by the inhabitants. 

The local nature and position of the crystalline mass both seem 
to differ greatly at different points. The rock often changes abruptly 
from coarse to fine-grained ; and all varieties, from the coarse crystal- 
line to a porphyritic, from the unaltered to a metamorphic variety, 
are represented. A very fine-grained, almost compact variety 
intersects the coarse crystalline mass in narrow veins, and occurs 
likewise interbedded as dykes. The surface of both mountains is 
strewed with large blocks which often form conically-shaped mounds 
and are frequently weathered. On the whole, it would appear, from 
the specimens ! have examined, that the main portions of the Foya 
and the Picota, as well as the eastern slopes, consist chiefly of the - 
fine-grained variety ; whilst on the southern slopes the rock is more 
coarse-grained. Again, the greywacke strata at the eastern ex- 
tremity, near Marmeleta, are altered and decomposed at the point 
of contact ; whereas to the south, as near Coldas, no alteration is 
perceptible. Not the least interesting feature in this district is the 
large number of veins of Tertiary eruptive phonolitic and basaltic 
rock which occur throughout the crystalline mass, and coincide with 
similar veins in the Jurassic and Tertiary strata near Cape St. 
Vincent. These veins intersect the surface in all directions, and 
warrant the conclusion that the whole district has lost much of its 
former height, an enormous mass of rock having probably been 
removed by denudation. 

An examination of Foyaite with the naked eye shows its essential 
constituents to be monoclinic felspar (orthoclase), eleeolite (the 
coarse variety of nepheline), and hornblende. 

Orthoclase is largely predominant, generally of a greyish-white 
colour, showing strong greasy lustre on the planes of cleavage. 
Elzolite shows hexagonal or rectangular contours, and is of a 
reddish-grey or flesh colour with strong greasy lustre. Hornblende 
occurs chiefly in long, slender, prismatic crystals of a greenish-black 
colour, with strong lustre on the planes of cleavage. The porphyritic 
variety shows large crystals of orthoclase, and in places also crystals 
of elzolite imbedded. The accessory constituents, determinable 
with the lens, are brownish-yellow titanite, dark lamellar biotite, 
grains of magnetite, and traces of pyrite. 

But under the microscope Foyaite exhibits a far more varied and 
interesting appearance. Not only do all the constituents I have 
mentioned present themselves with all their peculiarities of structure, 
of intergrowth, of juxtaposition, but nosean and sodalite are found 
to be present as characteristic accessories under altogether novel 
conditions, whilst triclinic felspar, muscovite, haematite, and apatite 
are also met with. 

Orthoclase is predominant in large crystals, not always with regular 
outlines, of a greyish-white colour, dull, generally translucent, 
showing numerous Carlsbad twins in polarized light. It is nearly 
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always intergrown with some plagioclase, which, from numerous 
measurements of the angle*, I found to be oligoclase, as determined 
by M. Des Cloizeaux. This triclinic felspar forms in one case a zonal 
frame round the orthoclase, and in polarized light the twin-striation 
can be easily recognized. Numerous interpositions of hematite, as 
well as microcrystals of biotite, apatite, and magnetite are discernible 
whenever the orthoclase is tolerably pellucid. Orthoclase pre- 
dominates largely in the coarse-grained variety of Foyaite. 

Eleolite does not occur in well-defined crystals, but shows irregular 
outlines, is colourless, transparent, and full of transversal cracks 
and fissures. In one or two cases it shows, however, distinct zonal 
structure, and is frequently associated with nosean and sodalite, 
these being imbedded in it. Though on the whole fresh and un- 
altered, there are traces of decomposition, owing to the influence of 
magnetite. It is frequently studded with microlites and inter- 
positions of hematite forming rows and bands across the length and 
breadth of the mineral; grains of magnetite, hexagonal needles of 
apatite, microcrystals of titanite, and distinctly dichroitic horn- 
blende, in extremely small but clearly-defined crystals, constitute 
the remaining interpositions ; nor are there wanting rows and chains 
of fluid-cavities, such as are generally observed in this mineral. I 
may add that I found more eleolite in the fine-grained than in the 
coarse-grained Foyaite. 

Hornblende and Augite occur in Foyaite in almost equal quantity, 
and so intergrown and associated are they with each other, that it 
would often be difficult to distinguish them were it not for their 
different deportment in polarized light, the larger prismatic angle of 
hornblende in sections vertical to the main axis, and the charac- 
teristic crystallographic combination of augite, viz. the prism with 
ortho- and clinopinakoid. Moreover, I found that, when measurable, 
the angle between the main axis and the plane of vibration in 
sections parallel to the orthopinakoid is always below 20° in the 
hornblende, and varies between 40° and 50° in augite—a result 
which agrees with the measurements of Dr. Tschermak, and con- 
stitutes an important criterion when both minerals occur in juxta- 
position. The colour of both is a rich green, with occasionally a 
brownish tinge in hornblende. The crystals, which vary consider- 
ably as to size, are generally long, columnar, six-sided in horn- 
blende, eight-sided in augite, and show, on the whole, distinct out- 
lines, though these are frequently blurred by the characteristic black 
frame traceable to decomposition. Both minerals are almost invari- 
ably associated with biotite, magnetite, and not unfrequently with 
titanite, and contain not only innumerable microlites and inter- 
positions of the accessory constituents of Foyaite, but also micro- 
crystals of their own kind; nor are there wanting twins whose seam 
comes out with admirable clearness in polarized light. But the 
most remarkable feature in connexion with hornblende and augite 
in Foyaite is their peculiar imtergrowth and their tendency to 
molecular alteration or paramorphosis, not unfrequently exhibited in 


* The angle by which the plane of vibration deviates from the twin line. 
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beautifully developed crystals in which an eight-sided augite forms the 
nucleus of hornblende (PI. II. fig. 2). The tendency in augite to in- 
tergrowth has been pointed out by Dr. Tschermak, who found augite as 
nucleus not only of hornblende, but also of diallage crystals; and, simi- 
larly, the mineral known as uralite has been recognized as augite whose 
nucleus has remained intact whilst the outer portion of the crystal 
has been altered into hornblende, frequently bearing traces of its 
augitic origin. The larger crystals of hornblende and augite in 
Foyaite are often fractured: in the fine-grained variety, which 
contains considerably more of both than the coarse-grained, they 
are diffused throughout the rock, partly in fragments, now and then 
in fresh clearly-defined microcrystals, or, again, in large aggregations 
with magnetite and biotite. 

Nosean and Sodalite occur in Foyaite almost invariably associated 
and intergrown, a fact which, so far as I know, has not hitherto 
been observed in other rocks. Four- and six-sided sections of nosean, 
often showing zonal structure with a dark nucleus, are imbedded in 
and surrounded by an irregular broad belt of sodalite (Pl. II. fig. 1). 
The outlines of nosean are often indistinct, owing to the rapid de- 
composition of the mineral, whose sections are generally filled with 
the characteristic muddy yellowish dust, grains of magnetite, and 
innumerable bluish-green microcrystals ; nor are needles of apatite 
less numerous. Sodalite has similar interpositions, but is generally 
clear and transparent, with vitreous lustre and occasional zeolitic 
veins, conspicuous by their vivid polarization. Both nosean and 
sodalite are met with imbedded in eleolite ; and the frequent inter- 
growth of those two isomorphous minerals exhibits in many sections 
a very characteristic appearance. One section, in which both 
minerals are thus associated and have suffered comparatively little 
from decomposition, gave rise to a micro-chemical test for sulphuric 
acid in nosean and for chlorine in sodalite. Treated with hydro- 
chloric acid and chloride of barium, nosean gave a distinct white 
precipitate; and an unmistakable chlorine reaction resulted from 
treating sodalite with nitric acid and nitrate of silver; so that no 
doubt could be entertained as to the true nature of these two 
minerals. The crystals of nosean vary greatly in size, but measure 
sometimes as much as 1°75 millim. across the section. 

Biotite is met with in numerous brown, lamellar, transparent 
plates and flakes, showing marked dichroism and strong absorption 
in polarized light. It is invariably associated with hornblende, 
augite, and magnetite, and contains a great variety of interpositions 
of apatite, titanite, and other accessories occurring in the rock. 
The prismatic plates are frequently distorted, torn, and fractured, 
and vary greatly in size. In the fine-grained variety of Foyaite, 
biotite forms large aggregations with hornblende, augite, and 
magnetite. Muscovite occurs also in Foyaite, though very rarely, 
and only in yery small, transparent, colourless, irregular, polygonal 
plates, which are distinctly lamellar, and on that account cannot be 
mistaken for quartz, though their vivid chromatic polarization is 
liable to mislead. It should be noticed that in Foyaite this white 
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mica is not found intergrown with biotite, but with felspar and 
eleeolite. 

One of the most noteworthy features in Foyaite is the very 
frequent occurrence of titanite. This mineral is distinguished by 
the freshness of its crystals and the distinctness of its outlines. 
It occurs with great regularity in all the varieties of Foyaite, 
and is at once recognized by its delicate yellow colour, its 
transparency, its strong lustre, and the singular purity of its 
substance. It is met with chiefly in elongated rhombic and six- 
sided prisms, which are traceable to the favourite combination of this 
mineral, viz. the hemipyramid with positive hemidome, clinodome, 
and basal plane. Though frequently intergrown with hornblende 
and augite, it occurs more particularly in isolated crystals which are 
found imbedded in eleeolite and biotite. Some of the crystals abound 
in interpositions of hornblende, augite, biotite, apatite, and magnetite ; 
and in some rare cases the edges show some slight traces of decom- 
position. Pleochroism is generally so faint that it is hardly per- 
ceptible ; on the other hand, twins are by no means so rare in this 
titanite as might be supposed, and it is notably in crystals of 
small size that a delicate seam attests twin-structure. 

The occurrence of magnetite in opaque black grains or polygonal 
outlines is so uniform in rocks that it does not call for special 
reference here; nor need I dwellon hematite, pyrite, and apatite, which 
occur in Foyaite, as in other kinds of rock, purely as adventitious 
minerals—hematite in pink microscopic six-sided plates, or in rows 
and bands as interpositions ; pyrite in isolated opaque grains show- 
ing yellowish reflected light; and apatite, whose microscopic, 
colourless, transparent, columnar, hexagonal prisms, wedges, and 
needles are truly ubiquitous. 

As regards the chemical composition of Foyaite and its con- 
stituents, it is notably eleolite which deserves special investigation, 
with a view to ascertain the presence and percentage of sulphuric 
acid; and an analysis I made of this mineral gave the following 
result :— 
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This result coincides with the analyses made by Prof. Scheerer, 
Rammelsberg, and others of eleolite occurring in other rocks, though 
the presence of sulphuric acid has been established only in a few 
cases. An analysis of Foyaite made by Mr. T. 8. Humpidge gave 
the following composition of the rock ;— 
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Such is the mineralogical and chemical composition of Foyaite. 
It shows that in virtue of its essential constituents, coupled with 
the absence of quartz, this rock is a true eleolitic syenite belonging 
.to the more ancient eruptive series, accompanied by porphyritic 
varieties of the same, and by corresponding phonolitic varieties of 
Tertiary origin. By its wealth of rare but purely adventitious 
minerals it bears a close resemblance to ditroite (Transylvania), 
miascite (Siberia), and certain syenites of Brevig and Cape Verd, 
most of which are fully described in the luminous works of Prof. 
Zirkel, Vom Rath, Rosenbusch, and others. Hence there is no 
apparent reason why the nomenclature of petrology should be 
further encumbered by a special group of Foyaites, more especially as 
microscopic investigation of rocks is constantly producing fresh 
evidence not only of the infinite variety, but of the beautiful 
simplicity of Nature. 


EXPLANATION OF THE PLATES. 
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Fig. 1. Plan of Foya District, Portugal. Altitudes in metres. 
2. Section of ditto. 
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Fig. 1. Section of Foyaite, showing nosean crystal surrounded by belt of soda- 
lite, with interpositions of magnetite and apatite, and associated with 
elxolite, augite, hornblende, biotite, titanite, &c. Magnified 20 dia- 
meters. 

2. Section of Foyaite, showing hornblende crystal with augite nucleus, with 
associated minerals, Magnified 20 diameters. 
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3. On the Microscopic Srructure of Stromatoporipa, and on 
Patmozorc Fosstts mineralized with Siuicates, in illustration 
of Eozoon. By J. W. Dawson, LL.D., F.R.S., F.G.S8., &c. 
(Read June 5, 1878 *.) 


[Puates III.-V.] 


Amone the collateral subjects which have arisen in the discussions 
with respect to Hozoon canadense, two of the most important 
are :—Ist, the question of its structural relations with the Palaeozoic 
fossils of the genus Stromatopora and allied genera; 2nd, the oc- 
currence in Paleozoic rocks of fossils mineralized with hydrous 
silicates akin to the serpentine and loganite found in some of the 
best-preserved specimens of the Laurentian fossil. For several 
years I have taken advantage of every opportunity to make collec- 
tions illustrative of these questions, and to subject the specimens 
obtained to microscopic examination. In this I have been greatly 
aided by friends who will be mentioned in the sequel, and by the 
large number of excellent sections prepared by Mr. Weston, of the 
Geological Survey of Canada, for the late Sir W. E. Logan and for 
myself. In the following paper I purpose to state the conclusions 
arrived at as the result of these observations, with such portions as 
may be necessary of the large accumulations of facts on which they 


are based. 
I, SrromATOPoRIDz. 


1st. Microscopic Structwre-—The Stromatoporide have long been 
a zoological stumbling-block, and have been referred to Corals, 
Sponges, Foraminifera, and even to Hydractiniz. I do not purpose 
to review these diverse opinions, most of which are undoubtedly 
based on imperfect acquaintance with the microscopic structure of 
these curious fossils, but to give an intelligible account of the struc- 
ture of some typical species, preparatory to the consideration of their 
relation with Hozoon. 

The genus Stromatopora, properly so called, is founded on the 
species Stromatopora concentrica, Goldfuss, and its allies, which range 
from the Upper Cambrian to the Devonian inclusive. Avoiding, for 
the present, complexities arising from the various states of preserya- 
tion and of weathering, I may refer in the first instance to remark- 
ably well-preserved specimens from the Corniferous Limestone of 
Ohio, and from the island of Marblehead in its vicinity, which have 
been placed in my hands by Mr. A. K. Walker of Hamilton, and Dr. 
Newberry of New York. In these the concentric lamine and pillars 
of the fossil are in the condition of opaque calcite, apparently re- 
taining its minute structure and not affected by crystallization ; and 
the interspaces or chambers are occupied by transparent calcite, 


* For the Discussion on this paper sze p. 68. 
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permitting all the structures to be very well seen, either on polished 
surfaces or in transparent slices *. 

In these specimens about three interspaces and two laminz occur 
in the space of a millimetre ; and though neither the laminz nor the 
interspaces are uniform in thickness, the latter are about twice the 
width of the former. In some places the lamin rise into conical 
or rounded eminences with corresponding depressions; in others 
they are nearly flat and concentric, this difference being apparently 
accidental. The lamine are connected with each other by pillars, 
which are either round or somewhat flattened (PI. III. fig. 1). The 
texture of the lamine is not spicular, but perfectly continuous and 
finely granular, as if made up of minute fragments of calcite. When 
the mass is broken parallel to the laminz, the pillars appear as 
minute tubercles (Pl. LV. fig. 5), but a true exterior surface is smooth. 
The laminz are pierced with numerous round pores about one tenth 
of a millimetre in diameter. Some of these pass through hollow 
pillars across one interspace into another; but the greater part pass 
through the lamin from one interspace into the next. The lamin 
themselves are here and there pierced with horizontal tubes which 
thicken the lamin where they pass (Pl. III. fig. 3,6); they appear 
to traverse the laminee obliquely from one space into another, or from 
the hollow pillars laterally. They may be called canals. In addition 
to the ordinary laminw, some of the chambers or interspaces are sub- 
divided by very thin secondary lamine. In a few cases these are 
attached to ordinary laminz as a sort of inner wall. The ordinary 
lamin in the more regular specimens are often of great continuity, 
extending without interruptions for several square inches. 

In some specimens there are a few rounded perforations, less 
than a millimetre in diameter, which extend yertically through 
several interspaces. Their walls are densely calcareous. They are 
often covered up with the growth of the lamin, and seem to have 
no connexion with the other parts of the structure. I do not regard 
them as oscula, but as perforations of some parasitic animal; and I 
attribute to the same origin certain rounded cayities, similarly walled, 
in other parts of the mass. 

The above is an accurate description of the most common type of 
Stromatopora when, as nearly as possible, in its natural condition. 
Other species of the genus, as now usually limited, differ principally 
in the thicknesses and distances of the lamine, in the number and 
size of their perforations, and in their more or less tuberculated sur- 
faces. In some species the pores are so numerous that the laminz 
appear reticulated; in others the lamine are so much thickened 
that the pores appear as tubuli. The pillars also differ somewhat 
in size and form, In the very numerous specimens which I have 
examined, I haye convinced myself that while the lamine are always 
porous they are neyer spicular, and that the so-called oscula are ac- 
cidental. They are due either to the causes above referred to or to 


* These specimens are associated with a beautiful Saccammina, having a cal- 
careous test, which I have described as Saccammina eriana, 
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branches of Syringopora and similar corals included in the mass of 
Stromatopora. 

It is evident from the above description that the animal matter 
of Stromatopora must have occupied the chambers or interspaces, 
and must have extended from chamber to chamber through the 
pores and hollow pillars. Such a structure is obviously that of a 
rhizoped rather than of a sponge. Further, the arrangement of the 
laminze and pillars is very nearly allied to that of Parkeria and 
Lofiusia as described by Carpenter and Brady, which I have myself 
studied in specimens kindly given to me by Professor T. R. Jones *. 
In so far as the hollow pillars and perforated plates are concerned, 
it has some points of correspondence, though more remote, with 
Receptaculites. The supposed oscula on which has been based 
a reference of these forms to sponges are certainly not constant. 
I have seen large masses of the form above described, presenting 
more than 30 square inches of surface, without a trace of an oscu- 
lum ; and in those specimens where tubular orifices appeared, I have 
found that they cut like perforations made by a boring instrument 
through the mass, irrespective of its structure, and that they were 
lined with continuous calcareous walls different from the lamine of 
the fossil. It is scarcely necessary to say, after the above descriptions, 
that I attach no scientific value to the ingenious and elaborate attempt 
of Mr. H. J. Carter (‘Annals and Magazine of Natural History,’ 
ser. 4, vol. xix. p. 44) to prove that Stromatopore are skeletons of 
hydroids allied to Hydractinia. The resemblances of Stromatopore to 
these hydroids are altogether superficial, and depend on both having 
a parasitic and concentric habit of growth. In every essential cha- 
racter they differ entirely, and can have no close zoological affinity. 
In comparison with Hozoon, the general appearance and habit of 
growth are so similar that specimens cannot easily be distinguished 
by the naked eye, or where the minute structures are not preserved. 
In microscopic structure the thin lamine of Stromatopore correspond 
to the proper wall of Hozoon. The thickening of the walls corre- 
sponds to the supplemental skeleton, and the horizontal tubes to the 
canals, while the interspaces and the pillars correspond to the 
chambers and connecting walls of the older fossil. ‘The main struc- 
tural difference is, that while Hozoon has a delicately tubulated proper 
wall of Nummuline type, that of Stromatopora has coarser perfora- 
tions and pores. Stromatopora and Hozoon may both be regarded as 
large sessile laminated calcareous Rhizopods; but the former pre- 
sents a less generalized type than the latter, which combines struc- 
tures that were usually separated even in the Paleozoic period. 

Stromatopore of the type above described are abundant in the 
Corniferous Limestone. ‘They occur throughout the Upper Silurian 
and are especially abundant and of large size in the Niagara Lime- 
stone, where they abound even in those Dolomitic beds that contain 


* More recently I have also studied the remarkably beautiful species of 
Loftusia from British Columbia described by Mr. G. M. Dawson, which confirm 
the resemblance of these specimens to Stromatopore (see his paper read before 
this Society, infra, p. 69). 
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few other fossils. They are also abundant in the Dolomite of the 
Guelph Limestone ; and it is perhaps not accidental that both here 
and in the Laurentian, fossils of this structure are associated with 
magnesian rocks. They occur also in the Lower Silurian, though 
less abundantly ; and the oldest specimen I have seen is in the Pots- 
dam Sandstone ; and this, its structure not being preserved, may have 
belonged to Hozoon rather than to Stromatopora. The Lower Silu- 
rian species have usually very thin and continuous walls. In the 
great Niagara Limestone, as seen at Niagara Falls, the masses of 
Stromatopora occur precisely as Hozoon occurs in the Laurentian 
limestones, and are mineralized with quartz and dolomite, and often 
almost entirely converted into crystalline masses, though occasion. _ 
ally showing their structure in great perfection. 

Certain beds of the Niagara formation, near Hamilton, contain 
not only Stromatopore, but multitudes of sponges ; and through the 
kindness of Lieutenant-Colonel Grant, of that place, I have been 
enabled to examine a number of specimens of these, and to compare 
them with Stromatopore. These sponges are all siliceous and spicu- 
late, and belong chiefly to two or three species of Astylospongia of 
Romer, and to Aulocopina of Billings, of which his A. Grantw is 
the type. The species of Astylospongia present a most regular and 
beautiful hexactinellid structure, as perfect as that in the sponges 
of the Cretaceous, showing even the hollow nodes, which have been 
supposed to be absent in the Paleozoic Hexactinellidse. Auloco- 
pina has a different structure, presenting series of hexagonal tubes 
built up with interlaced spicules, and giving off bundles of spicules 
in a radiating manner. These sponges are thus entirely distinct, 
both in material and structure, from the contemporary Stromato- 
pore, and there is no link of connexion whatever. 

The species included in the genera Caunopora of Phillips and 
Cenostroma of Winchell, and in part in Syringostroma of Nicholson, 
and which may be represented by the Stromatopora polymorpha of 
Goldfuss, have the horizontal canals largely developed in laminew 
thickened by supplemental deposit, and traversed by an infinity of 
minute canaliculi or ramifications of the canals opening at their 
surfaces. The horizontal canals radiate from central points where 
they are connected with vertical tubes or groups of tubes penetrating 
the whole thickness of the mass (Pl. LV. fig. 9, and Pl. V. fig. 10). 
The whole organism thus becomes divided into a series of vertical 
systems, which often very much obscure the concentric lamination, 
and in different states of preservation give very perplexing appear- 
ances. They may all be explained by bearing in mind that the hori- 
zontal canals, like those of Stromatopora proper, pass in the substance 
of the laminze, now much thickened, and that at the centres of the 
systems they descend through the chambers by vertical tubes or groups 
of tubes which correspond to the hollow pillars of Stromatopora. 

A great number of specimens of Cauwnopora, Coenostroma, and 
allied forms, both European and American, have passed through my 
hands; but I was unable to decide, except inferentially, as to their 
minute structure, till I was so fortunate as to obtain, through the 
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kindness of Mr. Selwyn, Director of the Geological Survey of Canada, 
a specimen collected by Professor R. Bell on the Albany River, 
Hudson’s Bay, in rocks of Upper Silurian age. In this specimen 
the skeleton remains as carbonate of lime, while the canals and tubes 
are in great part empty, so that their minute ramifications are in the 
condition of a recent specimen, and can be injected with colouring- 
matter. ‘The actual structures thus presented are as follows :— 

Lamine thin and obscure. Chambers almost entirely filled with 
supplemental deposit, traversed by innumerable microscopic hori- 
zontal canaliculi, which are tortuous and anastomose frequently. 
They are connected with systems of radiating canals which termi- 
nate centrally in vertical tubes traversing the whole thickness of 
the specimen, and opening at the surface in round pores visible to 
the naked eye and placed on the summits of slight eminences. The 
pores are about 4 millimetres apart horizontally. ‘The upper surface 
is smooth and does not show the radiating canals, but these are 
disclosed by erosion or by horizontal fracture. This species closely 
resembles Hall’s Cawnopora incrustans, from the Devonian of New 
York ; but the pores are more regular and less than half as far apart, 
and the radiating tubes are more numerous. For the above species 
I have anowaaxtad. the name Caunopona hudsonica (P1. LV. fig. 9 and 
1B, We ites IO) 

If ave described in a former publication* a fossil preserved in a 
similar way, but less perfectly, and which has vertical tubes in 
groups instead of singly ; it is trom the Galt Limestone of Ontario, 
and belongs to the genus Canostroma, as limited in the sequel. I 

would propose for it the name C. galtense. 

The structures in Caunopora and Cenostroma are unquestionably, 
at first view, more akin to those of sponges than are those of the 
typical Stromatopore, as the vertical tubes may be taken for oscula, 
and the extremities of the fine tubes for the incurrent pores. On the 
other hand, the solidity of the calcareous walls and supplemental 
thickenings is at variance with such a view ; aud in many respects 
they more nearly resemble Hozoon than any of the Palaozoic fossils 
with which I am acquainted. The canal-system in both is, indeed, 
so much alike that it would not be easy to distinguish it, except that 
Lozoon wants the continuous vertical tubes and possesses a true 
nummuline wall. 

The minute structures of such species as the Stromatopora nodu- 
lata of Nicholson (S. sanduskyana of Rominger, Pl. V. fig. 11), con- 
nect the true Stromatopore with the species of the genus Canostroma ; 
and these, by confluence of the separate tubes, pass into those of the 
genus Cawnopora. 

Of the species separated by Nicholson in the genus Syringostroma, 
that which he has named S. columnaris is a very peculiar type. It 
is penetrated vertically by what seem to be solid columns, and which, 
on microscopical examination, prove to result from upward bending 
and fusion of the lamine along certain vertical lines. The effect is 
obviously to give much additional strength to the skeleton. Between 

* ‘Life's Dawn on the Earth,’ p. 160. 
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the columns the lamine are supported by pillars as in Stromatopora. 
They are also penetrated by horizontal canals which ramify radially, 
and are connected with vertical tubes as in Cenostroma, to which 
this form is very closely allied; I have seen only one species from 
the Corniferous Limestone, specimens of which have been kindly 
given to me by Dr. Newberry and Mr. Hinde of Toronto. 

Dictyostroma of Nicholson includes species in which the con- 
necting pillars are formed by upward bending of the lamine them- 
selves in conical points. The only species described by Nicholson 
(D. undulatum) is from the Niagara formation of Louisville, Ken- 
tucky. I have, however, seen an imperfectly preserved specimen 
with this structure from the Black-River Limestone of Port Claire. 
Mr. Hinde has sent me another from the Corniferous of Port Col- 
borne. These seem to be different from Professor Nicholson’s species 
in the distance between the lamine, which is much less than in the 
coarsely constructed species which he has described. The lamine 
are porous in these specimens; but I have seen no vertical tubes or 
oscula. 

The species Stromatopora compacta, from the Trenton Limestone, 
described by Billings, and which is not uncommon, does not appear 
to belong to this group of organisms. It consists of very minute 
hexagonal tubes with extremely thin walls and well-developed 
tabule, which, from their strong development and continuity, give 
in some specimens an appearance of concentric lamination. ‘The 
species seems to belong to the genus Stenopora, but its cells are 
excessively minute. Corals of the genus Mistulipora, with small 
tubes imbedded in a cellular coonenchyma, may readily, in certain 
states of preservation, be mistaken for Stromatopora. 

Stromatopore seem not unfrequently to have overgrown corals of 
different species ; and, in the case ot Syringopora, the tubes of these 
projecting through the mass often simulate oscula. Mr. Hinde in- 
forms me that, in the case of one species, this association is so com- 
mon that it suggests the idea of a case of ‘“ commensalism.” 

As connected with Stromatopora, it may be well to remark that 
some misapprehension still appears to exist respecting Archcwocy- 
athus, a fossil of the Cambrian rocks of Mingan, Labrador, and of 
which several species have been described by Billings. Of these the 
only one I have studied is A. profundus. ‘This is certainly a calca- 
reous, chambered organism, with pores connecting the chambers, and 
must have been the skeleton of a Rhizopod. The other species have 
similar structures. It is true, however, that on treating them with 
acids, billings obtained siliceous spicules in the matrix, which I have 
myself examined. I regard them as having belonged to lithistid 
sponges of the genus 7'richospongia of Billings, accidentally asso- 
ciated with the Archwocyathus. 

Some specimens of Stromatopora present remarkable lines of 
growth, caused by the appearance of two or three layers of smaller 
cells at intervals of seven or eight interspaces (Pl. LV. fig. 4). The 
preseryation of these without the intervening portions may, in some 
cases, account for the abnormally wide interspaces sometimes seen 


54 J. W. DAWSON ON THE MICROSCOPIC 


in imperfectly preserved specimens. I have not been able to satisfy 
myself whether these lines of growth are of specific value. In one 
specimen from the Devonian of Lowa, a Stromatopora of this type 
presents large vertical tubes which extend from one growth-line to 
the next, but are sparsely distributed through the mass, and not 
connected with radiating tubes as in Caunopora. 

Another interesting structure, seen in a species from the Cornife- 
rous Limestone, usually, though perhaps incorrectly, identified with 
S. concentrica, 1s the division of the pillars at their summits into 
branches (PI. III. fig. 2), so as to support at many points the layer 
above, which in this case is thin and not much strengthened with 
supplemental deposit. 

2nd. State of Preservation.—Stromatopore have apparently always 
been calcareous when recent. They are sometimes preserved in the 
state of calcite with the chambers either filled with the same mate- 
rial or with silica. Sometimes they are entirely silicified, or the 
lamine and pillars are silicified and the chambers filled with calcite. 
Occasionally the chambers are filled with dolomite or the whole 
structure is dolomitized. 

A specimen of the type of S. concentrica from the Devonian or 
Upper Silurian of James’s Bay is now before me, and affords a good 
illustration of modes of preservation in silica. In some places the 
lamin and pillars haye been silicified, while the chambers are filled 
with limestone. When weathered or treated with acid, these portions 
show the whole structure very clearly, including the perforations of 
the laminee and the hollow pillars (PI. IV. fig.7). Other portions have 
the chambers also filled with silica, the laminee being distinguishable 
by their less transparent and porous character. In these portions the 
lamin and pillars have usually been first coated over with minute 
erystals of quartz. A layer has then been deposited of chalcedony 
with botryoidal surfaces, and finally the remaining cavities have been 
filled with crystalline vitreous quartz. In the greater part of the 
specimen, however, the chambers have been filled with silica, while 
the laminee have remained as calcite, and these portions, when 
weathered, present the appearance of thick structureless lamin 
separated by thin spaces and penetrated by numerous round holes 
representing the pillars. Portions in this state might be mistaken 
for a coral of the type of /Mstulipora, but im certain aspects they 
present that lobated amoeboid form which is so characteristic of 
similarly preserved specimens of Hozoon. 

In specimens of Stromatopora from the Niagara Limestone, it 
not unfrequently happens that certain layers or groups of layers 
are silicified, while others alternating with them remain as calcite. 
In this case, when the specimens are weathered, they present distant 
concentric layers very different in appearance’ from the actual 
structure. 

As with other fossils, crystallization plays strange freaks with 
Stromatopore, reducing them to such a condition that, but for the 
partial preservation of portions here and there, they might be mis- 
taken for inorganic hodies, This is well seen in the abundant Stro- 
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matopore of the great dolomite-beds of the Niagara Limestone. Of 
these many are entirely reduccd to crystalline masses of quartz or 
dolomite, except small portions at the surface, while others have 
become hollow and resemble cavities lined or filled with crystals. 
In the Upper Silurian dolomite of Guelph, in like manner, there are 
specimens which have been converted into a granular dolomite, in 
which, however, the lamin and, in some cases, the canals are more 
_or less apparent. 

The study of Stomatopore in these different conditions throws 
great light on the appearances presented by Hozoon in various states 
of preservation, and forms a guide to the interpretation of these, 
which should be before the mind of every one who desires to form 
correct opinions on the subject. 

Since writing the above, I have seen the remarks of Dr. 
Nicholson on the calcareous nature of Stromatopora, and Zittel’s 
observation of the occasional calcification of the spicules of siliceous 
sponges, as reported in the ‘ Geological Magazine’ for January 1878. 
It had not occurred to me that any one acquainted with Stromato- 
pore would doubt their calcareous nature ; but Nicholson has suf 
ficiently disposed of such doubts by the consideration that the Stro- 
matopore are found silicified only in beds in which corals and shells 
have suffered the same change. Nor had it seemed necessary to 
refer in this connexion to the replacement of siliceous spicules with 
calcite. It is, or should be, well known from the behaviour of sili- 
ceous spicules with alkalies, and when heated, that many of them 
are not purely siliceous, but contain animal matter. ‘This, with the 
more soluble character of their silica, enables them to be changed or 
removed without affecting the siliceous matrix. Hence in the sili- 
ceous sponges from the Niagara Limestone the spicules are some- 
times opaque and granular in appearance, or have disappeared altc- 
gether, or have been replaced with calcite or with iron pyrite. These 
changes are, however, rare, and have no bearing on the calcareous 
nature of Stromatopora. 

ord. Classification of Stromatoporide.—tit is not my purpose to 
enter into any revision of the numerous species of this family, or to 
attempt to summarize the work which has been done with reference 
to the American species by Hall, Winchell, Nicholson, Billings, 
Réminger, and others. It may, however, be useful to state the 
results at which I have arrived with reference to the leading generic 
forms. 

1. Stromatopora (Goldfuss, 1827).—In the original definition by 
Goldfuss the genus is characterized as exhibiting “alternating strata 
of a solid and porous character.” The porous strata in this defini- 
tion are the real lamin, the solid strata are the filled-up chambers ; 
and according as one or the other is preserved, we have in this type 
thin laminze connected by pillars, or thick lamine perforated with 
round holes and separated by vacant spaces. The typical species is 
S. concentrica of Goldfuss, and the genus may be held to include all 
the species with thin or moderately thick lamin connected with 
solid and hollow pillars and perforated with minute pores, or haying 
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a reticulated texture. Stromatocerium of Hall is a synonym. The 
genus ranges from the Upper Cambrian to the Devonian inclusive, 
and it is not easy to separate the species which have been described. 

2. Caunopora (Phillips, 1841).—The typical species, C. placenta, 
is defined by Phillips as ‘‘amorphous,” composed of concentric or 
nearly plane masses perforated by flexuous or vermiform small 
tubuli and by larger straight subparallel or radiating open tubes, 
persistent through the mass. This definition includes those species 
with simple tubes giving origin to radiating tubuli passing through 
the thickened laminz. Canostroma (Caunopora) incrustans of Hall 
is a typical American species, as is also Caunopora hudsonicaw above 
referred to. 

3. Ceenostroma (Winchell, 1867).—-This genus, as defined by its 
author, includes those species in which the radiating tubes diverge 
from the surfaces of little eminences raised in the concentric lamelle ; 
but, as Hall has well remarked, the presence or absence of eminences 
is a trivial character. The real distinction should be based upon the 
absence of the central simple radiating tubes, which in these species 
are represented by a group of more or less divergent ascending 
tubuli, so that the surface of the last layer presents eminences not 
with a single large pore at the summit, but with several small pores 
diverging from their sides. My Conostroma galtense above referred 
to and Hall’s Caunopora (Conostroma) planulata are typical forms. 
I have been obliged to reverse the generic names as used by Hall, 
in the twenty-third Report of the Regents of New York, in the 
manner above stated, as Phillips’s name certainly applies to the 
species with sengle vertical tubes. 

- Stromatopora nodulata of Nicholson (Ohio Report, vol. ii.) pro- 
bably belongs to this genus. 

4. Syringostroma (Nicholson, 1875).—This genus is defined by 
the author as composed of concentric lamine and vertical pillars 
which are so thickened and so amalgamated with one another as to 
leave nothing but the most minute rounded cells. Laminated tissue 
traversed by numerous large irregularly disposed horizontal canals. 
The species S. densa included under this genus in the Ohio Report 
is undoubtedly to be referred to Conostroma as above defined, being 
a species with the vertical tubes small and the radiating tubes very 
large. The species S. columnaris has, however, a very special cha- 
racter in the apparent want of vertical tubes, and in the coalescence 
of the laminee along certain vertical lines, giving solid columns ter- 
minating in imperforate or microscopically perforate tubercles at the 
surfaces. 

5. Dictyostroma (Nicholson, 1875).—In this genus the upper sur- 
face of each lamina is developed into conical points which support 
the lamina above instead of pillars. The lamine have horizontal 
canals, and the upper surface is apparently solid, though, no doubt, 
minutely perforate ; the irregular oscula referred to by Nicholson 
are probably accidental. D. undulata, Nicholson, is the typical 
species; but I think we may add to these several others in which 
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the thin lamine extend upwards in conical forms instead of pillars, 
and in some of which the laminz are thin and apparently destitute 
of the horizontal tubes. 

It is not impossible, though the specimens in my possession are 
not sufficiently perfect to render this certain, that Labechia conferta 
of Edwards and Haime, from the English Wenlock, may be allied to 
this or the last genus. 

[The above descriptions of Stromatoporidee were written before the 
publication of Nicholson and Murie’s excellent memoir in the Journal 
of the Linnean Society, which reached me only a few days before 
the proof of the above pages. Their descriptions of the structures, 
and views as to the classification and aflinities, agree in the main 
with those above given, and where they differ deserve careful consi- 
deration. They do not seem to have met with so good examples of 
the hollow pillars and perforated lamine as those I have described, 
nor to have so distinctly observed the relation of the horizontal 
canals to a supplemental deposit of calcareous matter. In their 
comparison with Parkeria too much importance is, I think, attached 
to the arenaceous character of that fossil—a character which we find 
in living Rhizopods associated with forms not dissimilar to those 
which are calcareous. It is also not improbable that some Stroma- 
toporide are built up of microscopic calcareous grains. Loftusia 
likewise presents points of comparison of some importance; and 
the Carboniferous species of that genus described and figured by 
Dr. G. M. Dawson (see p. 69) is especially instructive. In the 
memoir in question the genus Syringostroma of Nicholson is divided 
into Stylodictyon and Pachystroma, Stromatocerium of Hall is re- 
tained as a separate genus for some peculiar Stromatoporidee of the 
Lower Silurian, and a new genus (Clathrodictyon) is formed for 
vesicular species without pillars. The separation of forms contained 
in Syringostroma 1 have myself suggested above; and I think the 
grounds for retaining Stromatocertwn and adding Clathrodictyon 
may be sustained. The authors should, however, I think, have 
retained Ccnostroma of Winchell, and placed in it some forms 
which they have distributed in other genera. The new facts stated 


respecting Labechia are important with reference to that somewhat 
problematical fossil. | 


The geological distribution of the American Stromatoporide known 


to me may be stated as follows, though the species, no doubt, require 
some revision :— 


Potsdam formation .....1 6.00000. Stromatopora, sp. 

Trenton formation ......sc0cec00 Stromatopora rugosa, Hall. 
Dictyostroma? sp. 

petites ee se Stromatopora concentrica, Goldfuss, 
Coeenostroma constellatum, Hail, 
Caunopora hudsonica, n. sp. 
Dictyostroma undulatum, Nicholson, 

Guelph formation sessecovsereres Stromatopora ostiolata, NV. 

Cenostroma galtense, n. sp. 


Niagara formation 
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Corniferous formation ......... Stromatopora granulata, Nicholson. 
S. mammillata, JV. 
S. Hindei, J. 
8. perforata, LV. 
8. ponderosa, IV. 
8S. substriatella, NV. 
S. tuberculata, NV. 
Syringostroma columnare, JV. 
Coenostroma densum, _V. 
Hamilton formation ............ Stromatopora nux, Winchell. 
S. ceespitosa, W. 
Ceenostroma monticulifera, W. 
C. pustulifera, W. 
Chemung formation ........60. Stromatopora expansa, Hall, 
S. erratica, H. 
8. alternata, H. 
Caunopora incrustans, H. 
Ceenostroma solidulum, 4. 
C. planulatum, ZH, 


Il, Patxozorc Fossils ASSOCIATED WITH SERPENTINE AND OTHER 
Hyprovs SILicaTEs. 


Fossils having their cavities and pores infiltrated with hydrous 
silicates are much more abundant in Paleozoic limestones than is 
usually imagined. In some instances serpentine itself is found to 
have been concerned in such infiltration; while in other cases the 
infiltrating hydrous silicates are found to approach to pollyte, fah- 
lunite, and other minerals which have usually been regarded as pro- 
ducts of decomposition or metamorphism, but which, as Dr. Sterry 
Hunt has justly remarked, cannot reasonably be referred to such 
an origin when they are found filling the pores of Crinoids and other 
fossils in strictly aqueous deposits. In this case they must surely be 
the results of original deposition in the manner of glauconite ; and, 
as we shall find, they sometimes appear to be strictly the represen- 
tatives of that mineral, which occurs under similar conditions in other 
parts of the same formations. 

1. Serpentine of Lake Ohebogamong.—Mr. Richardson, of the 
Geological Survey, has observed, north of the Laurentian axis, on 
-the Saguenay River, certain rocks which appear to be similar in 
mineral character to the Quebec group of Sir William Logan, and 
occupy a geological position intermediate between the Laurentian 
and the Trenton formation. Among these he describes a band of 
serpentine associated with limestone at Lake Chebogamong, which 
lies about 200 miles to the N.E. of Lake St. John, in a little-explored 
region. Among the few specimens which Mr. Richardson was able 
to bring back with him was one of extreme interest—a specimen 
apparently from the junction of the limestone and serpentine, and 
containing a portion of a tabulate coral, of which some of the cells 
are filled with a mixture of serpentine and calcite, and some with 
calcite. The serpentine seems to have been weathered; it has a 
granular, uneven appearance, and under the microscope shows 
patches with fibrous structure like chrysotile. There are also 
whitish serpentine veins, fringed with chrysotile or a mineral re- 
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sembling it under the microscope. The cell-walls of the coral are 
perfectly black and opaque, and probably carbonaceous. The coral 
found thus mineralized was examined by Mr. Billings, who had no 
doubt of its nature, though uncertain as to its generic affinities. 
After careful study of it, I am disposed to refer it to the genus 
Astrocerium of Hall, and it is not distinguishable in structure from 
A. pyriforme of that author, a species very common in the Upper 
Silurian limestones of the region in which the specimen occurs. The 
genus Astrocerium is specially characteristic of the Niagara forma- 
tion; and though Edwards doubts its distinctness from Muvosites, I 
think there are constant points of difference, especially in the micro- 
scopic characters of the cell-walls, which entitle it to be separated 
from that genus. In such specimens of Astroceriwm as are well pre- 
served, the walls of the hexagonal cells seem to have been of corneous 
texture, with minute corneous spicules instead of radiating septa. 
They have pores of communication, and there are also occasional 
larger pores or tubes in the angles of the cells. The tabule are very 
thin and apparently purely calcareous. This accounts for the sin- 
gular fact, mentioned by Hall, that the cell-walls are sometimes 
entirely removed, leaving the tabule in concentric floors like those 
of Stromatopora. I think it likely that the typical species of As- 
trocertum may have been inhabited by Hydroids, and may have been 
quite remote from Favosites in their affinities. 

The formation in which the serpentine and limestone of Lake 
Chebogamong occur is described as consisting of chloritic slates, in 
some places with hornblende crystals, dolomites, and hard jaspery 
argillaceous rocks. Upon these rest conglomerates and breccias 
with Laurentian fragments, and also fragments of the rocks before 
mentioned, and on these lie the limestone and serpentine. The ser- 
pentine has been analysed by Dr. Hunt, who finds it to contain 
chromium and nickel, and in this respect to be similar to that of 
the Quebee group, and not to that of the Laurentian*. The fossil 
would give evidence of a much later date than that usually attributed 
to rocks of the character above stated; but it is quite possible that 
there may be two series of different ages in the region, the lower 
being Lower Silurian or perhaps older, and the upper of Upper Si- 
lurian age. If the serpentine belongs to the newer formation, its 
association with a coral of the genus Astroceriuwm would of course be 
quite natural. If it belongs to the older formation, and the over- 
lying limestone to the newer, the serpentine in the latter may be a 
remanté silicate derived from the older rocks and mixed with the 
limestone at their junction. 

2. Serpentine of Mclbourne.—The serpentines of this place belong 
to a great series of more or less altered rocks extending through 
the province of Quebec, and referred by Sir William Logan, on stra- 
tigraphical grounds, to his Quebec group, equivalent to the Arenig 
or Skiddaw series of England+. In ascending order these rocks at 
Melbourne present first a thick series of highly plumbaginous schists 

* Report of Geological Survey of Canada, 1870-71. 
+ Hunt, however, holds that these rocks are in part Huronian, 
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or shales, with thin bands of limestone holding fragments of Lower 
Silurian corals and crinoids. These pass upwards into a thick series 
of slaty rocks characterized by the prevalence of a shining crystal- 
line hydro-mica, and known as nacreous or hydro-mica slates. They 
are associated with quartzose bands, and also with lenticular layers 
of crinoidal limestone. Parallel with these beds and, according to 
Logan’s observations, overlying them, is the series containing the 
serpentine, which is associated with layers of limestone and nacre- 
ous slate, and also with brecciated and arenaceous beds, probably 
originally tufaceous, with beds of anorthite, steatite, and dolomite, 
and also with red slates, the whole forming a miscellaneous and ir- 
regular group, evidently resulting from the contemporaneous action 
of igneous and aqueous agencies, and affording few traces of fossils. 
The serpentines, which occur in thick and irregular beds, are differ- 
ent in colour and microscopic texture from those of the Laurentian 
system, and also present some chemical differences, more especially 
in the presence of oxides of nickel, chromium, and cobalt, and of a 
larger percentage of iron and a smaller proportion of water*. 

These serpentines are undoubtedly bedded rocks and not eruptive ; 
but they may have originated from the alteration of voicanic mate- 
rialst. They appear, shortly after their original deposition, to have 
been broken up, so as in many places to present a brecciated ap- 
pearance, the interstices of the fragments being filled with limestone 
and dolomite, which themselves are largely mixed with the flocculent 
serpentinous matter, and traversed by serpentinous veins some- 
times compact and sometimes fibrous. Besides the very impure 
limestone thus occurring in the serpentinous breccia, there are also 
true layers or beds of limestone and dolomite included in or near to 
the great serpentine band. No well-preserved fossils have been 
found either in these beds or in the brecciated serpentine; but on 
treating the surfaces of slabs with an acid or making thin slices, 
fragments of organic bodies are developed which well illustrate the 
manner in which serpentine, whatever its origin, may be connected 
with the mineralization of such fragments. 

It is to be observed here that the irregular bedding of the serpen- 
tine, and the apparent passage on the line of strike into dolomite 
and red slate, might accord either with a purely aqueous and oceanic 
mode of deposition like that of glauconite, or with deposition as beds 
of volcanic sediments, afterwards altered and partly redeposited by 
water. The association with ash rocks and agglomerates would, how- 


* Under the microscope the Laurentian serpentines are usually homogeneous 
and uncrystalline, but with the structure of netting veinlets which I have 
elsewhere called septariform. The Melbourne serpentines usually present a 
confused mass of acicular crystals or a fibrous structure, and, where structure- 
less, polarize more vividly than those of the Laurentian. 

t Sandberger (Essay on Metallic Veins) quotes many German chemists to 
the effect that “olivine rock and the serpentine formed from it always contain 
copper, nickel, and cobalt.” This origin might thus apply to the serpentines in 
the Quebec group in Canada, but not to those of the Laurentian, as I have 
already urged on other grounds in my reply to Hahn, in the ‘Annals and 
Magazine of Natural History,’ 1876, vol. xviii. pp. 32, 33, 
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ever, tend rather to the latter view, as would also the chemical cha- 
racters of the serpentine already referred to; but the association 
with fossils mentioned below tends to show that at least a part of 
the mineral is an ordinary aqueous deposit. It is also to be ob- 
served, with reference to the superposition of serpentine on fossilife- 
rous Lower Silurian rocks, that a similar relation is affirmed by 
Murray to occur in Newfoundland, where massive serpentines overlie 
unaltered fossiliferous rocks of the Quebec group*. 

No fossils have been found in the compact serpentine, but only 
in the limestone paste of the brecciated masses and in the limestone 
bands interstratified. The limestone of the breccia contains not only 
angular fragments of serpentine but disseminated serpentine and 
small veins of the same mineral. Its fossils are limited to small tu- 
-bular bodies, crinoidal joints, and fragments, apparently of Stenopora, 
very imperfectly preserved. ‘The tubular bodies may be portions of 
Hyolithes or Theca. Their interior is usually filled with dolomite ; 
their walls are in the state of calcite; and they are incrusted with 
an outer ring of serpentine. In some instances the calcareous 
organic fragments are seen to be filled in the interior with serpen- 
tine. The crinoidal fragments are in a similar condition, the ser- 
pentine having apparently surrounded them in a concretionary 
manner after the cavities had been filled with dolomite. Frag- 
ments of calcite, dolomite, or older serpentine included in the lime- 
stone, and of no determinate form, are enclosed in the new or re- 
manié serpentine in like manner, and in some cases this newer or 
coating serpentine was observed to have a fibrous structure. The 
serpentine thus coating and filling fossils and fragments is of a 
lighter colour than the serpentine of the fragments themselves, and 
in this respect resembles that of the small veins traversing the lime- 
stone. Such traces of fossils as exist in the layers of limestone are 
similar to those in the breccia, but not, so far as observed, coated 
with serpentine. 

It would thus appear that, contemporaneously with the original 
deposition of the serpentine, thin bands of limestone were laid down, 
with a few fragments of crinoids, corals, and shells; that subse- 
quently, but perhaps within the same geological period, and while 
the deposition of serpentine was still proceeding, portions of the 
surface of the serpentine were broken up and imbedded in limestone ; 
that the fissures of this limestone were penetrated with serpentine 
veins, and its few fossils coated with that mineral, which also forms 
flocculent laminee in the limestone. : 

The mode of deposition of this Paleeozoic serpentine is thus con- 
siderably different from that of the Laurentian, which forms layers 
intimately interstratified with great limestones, and also nodules, 
concretionary grains, and fillings of fossils in these limestones. This 
difference in mode of occurrence is, no doubt, connected with the dif- 
ference in composition of the two varieties of the mineral already 
noticed. In both cases, however, the serpentine has been so depo- 


* Bedded serpentines also occur in unaltered Silurian dolomites at Syracuse 
in New York (Hunt, Chem, and Geol. Essays, p. 310). 
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sited that it could take part in the mineralization of marine organic 
remains. 

The condition of the fragments of Silurian fossils in the limestones 
associated with the nacreous or hydro-mica slates is of interest in 
connexion with this subject. The shining laminated mineral asso- 
ciated with these fossils has been regarded from its chemical com- 
position as a hydro-mica. Under the microscope, however, it shows 
a want of homogeneity which suggests the presence of two or more 
silicates, or the association of crystals of hydrous mica with minute 
grains of siliceous matter of some other kind. Though now highly 
crystalline, it must originally have been a fine sediment, since it fills 
the finest cells of Stenopora and Péilodictya. Nor can its present 
state have been produced by any extreme metamorphism, as the 
undistorted state of these fossils amply testifies. Further it is in- 
teresting to observe that though the hydrous silicate is little mag- 
nesian, the fossils themselves are not infrequently converted into 
dolomite. In these fossiliferous beds there are also tabular crystals, 
apparently of anhydrous mica, little groups of crystals of tremolite, 
cavities filled with quartz, and crystalline grains of a mineral having 
the microscopical characters of olivine; and these have been de- 
veloped or included in the mass without injury to the structures of 
the most delicate corals. 

Similar appearances are presented by limestones from other parts 
of the Quebec group, of which a great series of slices has been pre- 
pared by Mr. Weston under the direction of the late Sir W. HE. Logan, 
who, in his later researches in this group of rocks, gave much atten- 
tion to the microscopic fossils in the more altered beds, as a means 
- of determining their ages. Besides large series from Melbourne and 
its neighbourhood, I have examined slices from Stanford, Farnham, 
Cleveland, Bedford, Orford, Arthabaska, Point Levi, Riviére du Loup, 
and other places, in most of which Lower Silurian fossils occur as- 
sociated with hydrous silicates. 

The fossils above referred to occur in rocks undoubtedly of Lower 
Silurian age, and regarded as altered or metamorphosed members of 
the Quebec group. In the unaltered representatives of these rocks 
at Point Levi and the island of Orleans there occur considerable 
quantities of a true glauconite, which has been analyzed by Dr. Hunt, 
and which is without doubt an original deposit in the sandy and 
argillaceous beds in which it occurs, which in many cases are pre- 
cisely similar to Cretaceous greensands. Dr. Hunt’s analysis shows 
that this glauconite contains alumina, iron, potash, and magnesia, 
and thus approaches to the Laurentian loganite. In the forms of 
its little concretions it resembles the serpentine grains in the 
Laurentian limestones; and like modern glauconite it has moulded 
itself in organic forms. Some of these are spiral or multilobate, as 
if casts of minute univalve shells or of spiral and textularine Fora- 
minifera*, Others are annular or are arcs of circles, and some pre- 

* Ehrenberg has found casts of rotaline and textularine Foraminifera in 


Lower Silurian beds in Russia; and such forms occur in Upper Silurian lime- 
stones in Nova Scotia, 
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sent a delicate fibrous or tubulated appearance, as if they had 
moulded themselves on porous shells or very minutely-celled corals, 
spicules of sponges, &e. Shreds of corneous Polyparies, perhaps of 
Graptolites, abound in the matrix, but are not connected with the 
glauconite grains. Unfortunately there are no Stromatopore in 
these beds, otherwise we might have an almost precise recurrence 
of the relations of serpentine with Hozoon in the Laurentian*. 

Another appearance which may be mentioned in this connexion 
occurs in certain beds of Utica Slate in the vicinity of the trappean 
mass of Montarville, and converted into a hard sonorous rock. In 
one of these are stems of crinoids which have retained their external 
form, while the calcareous material has been entirely removed and 
replaced by a soft green crystalline mineral whose physical and mi- 
croscopical characters are those of chlorite, and which in any case 
may be regarded as one of those hydrous silicates sometimes termed 
“ viridite.”’ 

3. Limestone of Pole Hill, New Brunswick, and of Llangwyllog in 
Anglesey—tIn a paper in the Transactions of the Royal Irish 
Academy, and subsequently in ‘ Life’s Dawn on the Earth,’ I noticed 
a remarkable limestone discovered by Mr. C. Robb, of the Geological 
Survey, at Pole Hill in New Brunswick, and believed to be of Upper 
Silurian age. It is composed of fragments of crinoids and shells, 
the cavities of which are finely injected with a hydrous silicate of 
alumina, iron, and magnesia, the composition of which, according to 
Dr. Hunt, approaches to that of the pollyte of Von Kobell, and also 
to that of a hydrous silicate described by Hoffmann as filling the 
cavities of specimens of Hozoon found in Bohemia. It has also some 
resemblance to the loganite which mineralizes the Hozoon of Burgess, 
in Canada. At the same time I mentioned a specimen of limestone 
of similar character which I had found in the McGill-College collec- 
tion, and which I supposed to be from Wales. It is labelled “ Llan- 
golloc,” and belonged to the collection of the late Dr. Holmes, of 
Montreal. Professor Ramsay, to whom I have applied for informa- 
tion as to the locality, kindly informs me that the name is probably 
“‘ Llangwyllog,” that the place so named is in Anglesey, and that 
limestone of Lower Silurian or Cambrian age occurs in its vicinity. 

A portion of this specimen was submitted to Dr. Sterry Hunt, 
from whose analysis it appears to be of similar character with that 
of Pole Hill, and like it injects in the most beautiful manner the 
pores and cavities of crinoids, shells, and coralst. The limestone 
containing this silicate is of subcrystalline texture, with occasional 
bright cleayage-faces which belong to crinoidal fragments. Its 
colour, owing to the included silicate, is dull olive, and it shows oc- 
casional small deep green and reddish specks. Its aspect is so waxy, 
that at a little distance it might be mistaken for an impure ser- 
pentine. 

When examined with the microscope, the flocculent olive-green 
silicate is seen to penetrate the mass exactly in the manner of the 

* Report of Geological Survey of Canada, 1866. 

t As the analyses of these specimens by Dr. Hunt have not been published 
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serpentine in ophiolite, and it has a polariscope appearance approach- 
ing to that of serpentine ; while greenish by reflected light, it appears 
reddish when seen in thin slices with transmitted light. It pene- 
trates the finest pores of crinoids, and at the same time fills the cavi- 
ties of shells and the cells of corals. The larger fillings of this kind 
give the deep green spots above mentioned, while the red spots are 
apparently caused by the partial oxidation of the iron of the mineral. 
In one shell, apparently a small Orthoceras or Theca, the dark green 
filling has cracked in the manner of Septaria, and the fissures have 
been filled with carbonate of lime. In some places the mineral has 
penetrated the pores of shells of Brachiopods or crusts of Trilobites, 
producing a tubulated appearance not unlike the proper wall of 
Eozoon. 

From the characters of the fragments, I should imagine that this 
limestone is Lower Silurian rather than Cambrian. It affords an 
excellent instance of the occurrence of hydrous silicates infiltrating 
organic fragments, and it deserves the attention of collectors having 
access to the locality. A curious point of coincidence of this lime- 
stone with some of those in the Lower Silurian of Canada is the 
occurrence of a few bright green specks, probably of apatite or - 
vivianite, giving on a small scale that association of phosphates with 
hydrous silicates which we find on the great scale in the Lau- 
rentian. 

The above facts I intend to be supplementary to my papers on 
Hozoon and on the graphite and phosphates of the Laurentian already 


in England, or in such a manner as to be readily compared with each other, I 
reproduce them here :— 


Pole Hill, Llangwyllog, 

New Brunswick. Wales. 

Sill Caper Han ete saeee aaa oan ee eae 88:93 35°32 
pANITITMMIMAN Ne sacicela vitseeeweeescameececnesee 28°88 22-66 
IETROY Opa (=) Ole abROTL | SonoocascoooadoonHDGS 18:86 21:42 
IWIERATESE) sosoccosedonnacgoaqgec05000 2005006 4°25 6°98 
ZO GAISII Gili ccall bs cectec da cececeanncetecalsteeiee 1:69 1:49 
SOG aiivsse veces vaste he smawoh Wewaecseacsseeees 0-48 0:67 
Water moracrasctcceicsse eeraceuiesmitaaaclesnieeee 6°91 11:46 
| 100-00 100-00 

| 


Tu the Llangwyllog specimen the silicate amounted to three per cent. of the 
whole, the remainder being carbonate of lime with a very little siliceous sand 
and fine clay. In the Pole-Hill specimen the silicate amounted to about five 
per cent., the remainder being limestone with a few quartz grains. 

It will be seen that these two silicates, evidently deposited from solution in 
such a manner as to fill the finest organic pores, are remarkably similar in com- 
position ; and the fact that they closely resemble Hotfmann’s mineral found in 
Bohemian Hozoon, and also the loganite filling the Burgess Hozoon (Quart. Journ. 
Geol. Soc. vol. xxi. 1865), gives them additional interest. 
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published in the Journal of this Society, and as illustrative more 
especially of the affinity of Hozoon with its successors in function, 
the Silurian Stromatopore, and of the abundant occurrence of ser- 
pentine and other hydrous silicates in association with fossils in the 
Lower Silurian as well as in the older Laurentian. 


ILI. Iwirative Forms resemBiine Eozoon. 


It is easy for inexperienced observers to mistake laminated con- 
cretions and laminated rocks either for Stromatopora or for Hozoon, 
and such misapprehensions are not of unfrequent occurrence. As to 
concretions, it is only necessary to say that these, when they show 
concentric layers, ave deficient altogether in the primary require- 
ments of laming and interspaces ; and under the microscope their 
structures are either merely fragmental, as in ordinary argillaceous 
and calcareous concretions, or they have radiating crystalline fibres 
like oolitic grains. Laminated rocks, on the other hand, present 
alternate layers of different mineral substances, but are destitute of 
minute structures, and are either parallel to the bedding or to the 
planes of dykes and igneous masses. In the Montreal mountain 
there are beautiful examples of a banded dolerite in alternate layers 
of black pyroxene and white felspar. These occur at the junction 
of the dolerite with the Silurian limestone through which it has been 
erupted. Laminated gneissose beds also abound in the Laurentian. 
Still more remarkable examples are afforded by altered rocks having 
thin calcite bands, whether arising from deposition or from vein- 
segregation. One of these now before me is a specimen from the 
collection of Dr. Newberry, and obtained at Gouverneur, St. Law- 
rence County, New York. It presents thick bands of a peculiar 
granitoid rock containing highly crystalline felspar and mica with 
grains of serpentine; these bands are almost a quarter of an inch 
in thickness, and are separated by interrupted parallel bands of 
ealcite much thinner than the others. The whole resembles a mag- 
nified specimen of Hozoon, except in the absence of the connecting 
chamber-walls and of the characteristic structures. A similar rock 
has been obtained by Mr. Vennor on the Gatineau; but it is less 
coarse in texture though equally crystalline, and appears to contain 
hornblende and pyroxene. ‘These are both Laurentian, and I con- 
sider it not impossible that they may have been organic; but they 
lack the evidence of minute structure, and differ in important details 
from Hozoon. Another specimen from the Horseshoe Mountain in 
the Western States (I regret that I have mislaid the name of the 
gentleman to whom I am indebted for this specimen) is a limestone 
with perfectly regular and uniform layers of minute rhombohedral 
crystals of dolomite. ‘The layers vary in distance regularly in the 
thickness of the specimen from two millimetres to one, and must 
have resulted from the alternate deposition in a very regular manner 
of dolomite and limestone. ‘These are but a few of the examples of 
imitative structures which might readily be confounded with Kozoon, 
or which, if resulting from organic growth, have lost all decisive 
evidence of the fact. 

Perhaps still more puzzling imitative forms are those referred to 
Q.J.G.8. No. 137. F 
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by Hahn, which occur in some felspars, and which I have found in 
great beauty in certain crystals of orthoclase from Vermont. They 
are ramifying tubes resembling the canal-system of Hozoon, and are 
evidently a peculiar form of gas-cavities or inclusions. Similar ap- 
pearances are, however, often presented by the more minute and mi- 
croscopic varieties of graphic granite, in which the little plates might 
readily be mistaken, in certain sections, for organic tubulation. 

In the present state of knowledge, it is perhaps more excusable to 
mistake such things for organic structures than to deny the exist- 
ence of true organic structures because they resemble such forms. 
Those who have examined moss-agates are familiar with the fact 
that while some show merely crystals of peroxide of iron or oxide 
of manganese, others present the forms of Vaucheriew or Conferve. 
So if one were to place side by side some fibres of asbestos, spicules 
of T'ethea, and coniferous wood, preserved, like some from Colorado, 
as separate white siliceous fibres, they might appear alike ; but, even 
if thoroughly mixed together, the microscope should be able easily to 
distinguish them. I have specimens of fossil wood, collected by 
Hartt in Brazil, which have been mineralized by limonite in such | 
a manner that no one, without microscopic examination, could believe 
them to be other than fibrous brown hematite. Such difficulties 
the micro-geologist must expect to find, and by patient observation 
to overcome. 

EXPLANATION OF THE PLATES. 
Puate ITT. 


Fig. 1. Vertical section of Stromatopora from the Niagara formation, showing 
the lamine and pillars, without supplemental matter, x 20. 

. Vertical section of Stromatopora from the Corniferous Limestone, 
showing pillars ramifying and thickened at the ends, and laminz 
without supplemental matter, x 20. 

3. Vertical section of Stromatopora from the Corniferous Limestone, with 

much supplemental matter, but showing unthickened lamine at aa, 
also horizontal canals at 6 b, x 20. 


Puate IV. 
Fig. 4. Vertical section of Stromatopora from the Corniferous Limestone, xX 2, 

showing lines of growth, aa; c, vertical section of part of the same, 
x 20; d, surface of lamina, X 20, showing solid and hollow pillars. 

5. Portion of lamina of another specimen, x 20, showing large pores and. 
bases of two pillars. 

6. Portion of another specimen, x 20, showing hollow and solid pillars 
and a pore at a. 

7. Portion of silicified Stromatopora, weathered, and showing lamine 

8 

9 


2 


and pillars in relief, x 20. 


. Portion of Stromatopora resting on a tabulate coral and showing acer- 
vuline cells at base, x 2. 


. Vertical section of Cawnopora hudsonica, showing vertical tube and 
horizontal canals, x 20; a, horizontal section of part of the same, 
showing canals and canaliculi; 4, vertical section, more magnified, 

Puater VY. 
Fig. 10. Horizontal section of Caunopora hudsonica, showing canals radiating 
from a central tube, « 20. 
11. Vertical section of Cenostroma nodulata, Corniferous Limestone, show- 


ing canals and concentric lamine, with much supplemental matter, 
x 20. 


12. Horizontal section of the same, showing large radiating canals, x 20. 
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4, Norz on some Devonian Stromatoporipm from Darrineton near 
Tornas. By A. Coamprrnowne, Hsq., F.G.S. (Read June 5, 
1878.) 


I prstre to present to the Society some specimens chiefly repre- 
senting what some observers look upon as the natural group, and 
others as the heterogeneous mixture named Stromatoporide. 

I have for some time been finding these fossils in large numbers ; 
and as the subject has of late aroused considerable interest, it 
occurred to me that the Geological Society might be glad to possess 
a few from this locality. 

I will not pretend to offer a decided opinion myself as to which 
set of observers are right, and yet, as far as the important question 
of the original constitution of the skeleton is concerned, I think it 
is very hard to believe in the uniform replacement of siliceous by 
calcareous matter in all or nearly all of these forms, and from so 
many different localities. On the other hand it is difficult to regard 
them as forming a compact group of Calcispongie, since whatever 
may be held as to their embracing true Hexactinellid (and, if so, 
siliceous structures), or, again, Foraminiferal structures, they clearly 
seem to embrace structures similar to that of the Miulleporide. 
Among these some varieties of Cawnopora (Stromatopora) placenta 
(Lonsd.) are remarkable. 

I may perhaps be pardoned for referring to some words of Prof. 
Phillips in describing this organism (Pal. Foss. Cornwall, Devon, &e., 
p- 18), where he mentions the “larger . . . open(?), non-lamelli- 
ferous (?) tubes, persistent through the whole mass.” I have, in 
several beautiful sections from the neighbourhood of Teignmouth, 
observed most distinctly that the axis of the tube is not open, but 
is lamelliferous, giving some appearance of a columella, and is quite 
unlike any true sponge-structure with which I am acquainted, and 
equally unlike a true Stromatopora (such as S. concentrica or 
polymorpha). 

With regard to their mode of occurrence at Dartington, the 
specimens sent are all from dolomitic beds (“ Pit-Park” quarry) ; 
but some of the group are always found wherever the limestone is 
fossiliferous. The rock is light-coloured, highly crystalline at the 
above-named quarry, is worked for road-metal, and at one spot, 
which has been left for some time unworked on account of the 
friable, almost sandy, condition of a small piece, these fossils occur. 
They are associated with Alveolites, Havosites cervicornis (v.reticulata), 
Heliolites porosus, Cystiphyllum vesiculosum, Heliophyllum, Cyatho- 
phylla (simple), Crinoidal joints, pelvic plates of Hewacrinus (rare), 
and occasional Brachiopoda (among which Mr. Davidson recognized 
Spiriferina cristata (v. octoplicaia); and from a quarry in an ad- 
joining field the specimens of Uncites gryphus now in the Museum 
of the Geological Survey were derived. 

F2 
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There is every sign of the Stromatoporoids haying grown in the 
position in which they are now found, and nothing to suggest their 
having travelled. 

They can be followed a few yards from where they come out 
whole, but rapidly become merged in the crystalline rock, and then 
their internal structure becomes obliterated. 

I mentioned above that the fossils sent were chiefly Stromatopo- 
ride. They include also an example of Smithia Hennahi and Helio- 
lites porosus. ‘They are all from the Great Devon Limestone, Dar- 
tington. , 

I will only add that specimens found later than those sent are 
decidedly finer (for they take some weeks to get washed from the 
clay and sandy dolomitic rock in which they are imbedded); and I 
am hoping to get them largely cut and polished, and shall have great 
pleasure in sending some more. 


Discussion. 


Prof. Duncan expressed his belief that many different forms were 
united under the one head of Stromatopora, and that the confusion 
was often due to the mode of mineralization. He cailed attention 
to a Smitha on the table, which, by destructive mineralization, had 
assumed a deceptive resemblance to Stromatopora. He thought 
this had been the case in some of Mr. Lonsdale’s specimens. The 
tubules in the lamine of Stromatopora certainly had much resem- 
blance to the tubules of MWillepora. Some of the specimens on the 
table seemed to have openings like calices; as they opened into the 
coenenchyma they could not be corals. The cross tubules excluded 
them from Polyzoa. They showed no true supplemental skeleton 
or nummuline layer like Hozoon, and so he doubted their Forami- 
niferal character. With regard to the mineralization, he had some 
years before received specimens of fossils from Canada, which Dr. 
Dawson’s description had recalled to his mind. 

Mr. Cuamprrnowne described the tubular structure which he had 
observed in some of the Stromatoporidee from Devonshire, both in 
the horizontal and vertical sections, and felt certain that the group 
contained many different forms. He had never seen Kozoonal struc- 
ture in the Devonshire fossils. 

Dr. Murm stated that some specimens which he had seen re- 
sembled the Hexactinellide, and he thought they represented 
sponges, not precisely Hexactinellids. 
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5. On a new Spxcrzs of Lorrusra from Bririsa Corvmpra. By 
Grorex M. Dawson, D.S., Assoc.R.S.M., F.G.S., of the Geo- 
logical Survey of Canada. (Read June 5, 1878.) 


[Prats VI.] 


In 1869, Dr. W. B. Carpenter and Mr. H. B. Brady described, in the 
‘Transactions’ of the Royal Society, two remarkable types of gigantic 
arenaceous Foraminifera, under the generic names of Parkeria and 
Loftusia. For the description of the latter form Mr. Brady is more 
particularly responsible, and to the genus then created by him I have 
now to add another species, for which the name of Loftusta colum- 
biana is proposed. 

The original specimens of Loftusia were obtained many years ago 
by Mr. W. K. Loftus in Persia. They were referred to in his paper 
‘on the geology of the Turco-Persian frontier and districts adjoining, 
published in the Quarterly Journal of the Geological Society in 1855, 
but remained undescribed till they came into Mr. Brady’s hands. 
From the geological descriptions by Mr. Loftus, and other forms of 
Foraminifera found in the same stones, Mr. Brady believes the geo- 
logical position of Loftusia persica to be in the oldest Tertiary rocks. 

The specimens now to be described are from the interior of British 
Columbia, and their age is, I believe, Carboniferous. Examples of 
the form were first collected by Mr. J. Richardson, of the Geological 
Survey of Canada, in 1871, and are mentioned in the Report of 
Progress for 1871-72. Abouta year ago, I examined Mr. Richard- 
son’s specimens with some care; but during the past summer, having 
opportunity to visit the locality from which they were procured, the 
occasion was taken to collect a large number of additional specimens, 
representing all varieties of appearance and preservation. Mr. 
Thomas C. Weston has prepared from these and Mr. Richardson’s 
specimens a number of transparent sections, from which the accom- 
panying descriptions and drawings have been made. 

Most of the specimens are from Marble Canon, a remarkable valley 
which runs through from the banks of the Fraser River to the bend 
of Hat Creek, with a direction nearly transverse to that of the main 
features of the country. For a distance over ten miles, the sides of 
the valley are formed almost continuously of mountains of limestone 
or marble. The first impression is that an immense thickness of 
limestone is represented in the exposures; but, aithough the dips are too 
obscure to allow the attitude of the beds to be worked out throughout 
the length of the Cafiion, some small sections show that part at least 
of the beds have been sharply folded and the whole series of folds 
overturned. This being the case, it may be that a comparatively 
thin limestone or series of limestones forming a succession of folds 
superimposed on a broad anticlinal flexure account for the appear- 
ance presented. That the limestones have a very considerable thick- 


70 G. M. DAWSON ON A NEW SPECIES oF 


ness, however, would appear from the fact that about seventeen 
miles to the north-west they are seen forming a range of mountains, 
which rise to altitudes of over 1500 feet above the level of the neigh- 
bouring valleys, and run from near Kelly’s Lake to Canoe Creek. 
~The physical relations of the beds will, however, be described at 
greater length in the next Report of the Geological Survey. 

Though inclined to correlate these limestone beds, on stratigra- 
phical and lithological evidence, with others from which Carbonife- 
rous forms have been obtained, no fossils more characteristic than 
the joints of Crinoidal columns were for some time found in associ- 
ation with the Foraminifer now described. After some search, how- 
ever, specimens of Musulina were discovered, thus bringing these 
into relation with the MYusulina-bearing limestones found elsewhere 
in the province, and also very widely over the western part of the 
North-American continent. 

Many loose fragments and boulders of Loftusca-limestone were 

also found at “The Fountain,” on the surface of a high terrace, there 
overlooking the Fraser. This place is about nine miles south- 
westward from the nearest of the Marble-Canon exposures ; and the 
“specimens here may have been derived from a distinct outcrop not yet 
discovered. 

In certain beds of the limestones of Marble Cafon, the Loftusia 
occurs almost to the exclusion of other forms, characterizing the 
‘rock, and having been the agent in its production, just as Fusuline 
occur in the best examples of /usulina-limestone or Globigerine in 
the Atlantic ooze. Other beds of a nearly white colour and almost 
porcellanous aspect on fracture—though purely calcareous—are 
found on microscopic examination to consist of the comminuted re- 
mains of smaller Foraminifera, the mass resembling a thoroughly 
hardened chalk. Through these a few more or less perfect Loftusie 
may be scattered. usuline appear to be very scarce in the Marble- 
Canon limestones ; they are much more abundant in those of other 
parts of the country, composed principally of Crinoidal fragments. 
‘They seem to have preferred a bottom composed of the débris of the 
larger calcareous organisms to the fine oozy bed most congenial to 
the Loftusia. 

The typical and most abundant form of Loftusia-limestone is a 
pale or dark grey cryptocrystalline rock, in which the more perfect 
specimens of Loftusia appear thickly crowded together as paler spots, 
generally pretty sharply defined. The limestone breaks freely in any 
direction, the fracture passing equally through the matrix and in- 
cluded erganisms, which it is impossible to separate from the stone. 
The matrix generally seems to be composed in great part of granular 
calcareous matter similar to that employed in building up the test 
of the Loftusia, but more irregular in size of grain, and with an oc- 
casional fragment of a Crinoid or example of some smaller Fora- 
minifer. When a Pusulina is found, even on the same thin section 
with a Loftusia, it differs totally from the latterin appearance. The 
fine tubulation of the walls has not been preserved ; but the calcite 
is homogeneous and almost milky in appearance, while the frag- 
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mental character of the test of Loftusia is apparent even under a 
low power, and it has a peculiar sparkling aspect. 

In form, the species bears a close resemblance to L. persica, espe- 
cially to the stouter variety represented in plate Ixxvii. fig. 3 
of Messrs. Carpenter and Brady’s memoir. I have not observed any 
specimens to assume a form quite so much elongated in proportion 
to the breadth as that given in figure 3 of the same plate. It is a 
regular oval, with circular cross section, the ends varying from ob- 
tusely rounded to bluntly spindle-shaped. The Marble-Cafion form, 
however, is very much smaller than L. persica, both in its external 
dimensions and proportionally in all its structures. By measure- 
ment of a number of specimens, the average length of the shorter 
axis appears to be from 19 to 20 hundredths of an inch, that of the 
longer axis about 30 hundredths; one specimen measuring as much 
as 57,(, in its lesser diameter has been found. Some may attain a 
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now aemnple reeeaureaie ne of an inch by yo of an inch, I have 
not been able to observe any regular furrowing of the outer surface 
of the test, though from the appearance in cross sections, it is pro- 
bable that a tendency to such marking exists in some specimens. 
Others must have become more or less rough and irregular in form, 
from the acervuline mode of growth frequently assumed in the larger 
examples. Many specimens are, like those of the Persian form, more 
or less oval or elliptical in the outline of the cross section. As, how- 
ever, IN some specimens many examples may be found in different 
stages of degradation towards absolute shapelessness, I believe, as 
Mr. Brady does of the Persian form*, that this is abnormal, and the 
result of changes after the death of the animal. In some cases, spe- 
cimens of irregular form are scattered among others: of normal ap- 
pearance, and seem to have decayed or collapsed more or less com- 
pletely before the consolidation of the sediment. In other layers, 
the whole rock has very evidently been compressed during metamor- 
phism, all the Foraminifera being flattened parallel to one plane. 

The structure of this form is in most respects strikingly similar 
to that of Loftusia persica, and, like it, extremely complicated. With- 
out Mr. Brady’s elaborate and lucid description of the former, it 
would have been a matter of no small difficulty to make out the plan 
of growth of this smaller species, which it is possible to examine in 
thin sections only. 

In describing the structure, the same terms made use of in the 
memoir already several times referred to will be employed. I would 
also call attention to the diagrammatic representation of the plan of 
the test of Loftusia on page 743 of the memoir. 

No central primordial chamber, or series of chambers, like that of 
Parkeria has been found. The nucleus of the test appears to be, as 
in L. persica, a loose-textured granulated mass, nearly circular in 
cross section. It has not been observed, however, to become so di- 
stinetly cancellated as appears to be the case in L. persica. 

In theory, this test may be said to consist, like that of the original 


* Op. cit. p. T42. 
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species, “¢ primarily of a continuous lamina coiled upon itself, like a 
scroll constricted at the ends. The space enclosed by this ‘ primary 
lamina’ is divided into chambers by longitudinal septa. The septa 
are of ‘secondary’ growth ; that is to say, they are not continuous 
with the principal wall or ‘spiral lamina,’ but are rather offshoots 
from it” *. As seen in a transverse section of the test, these septa 
are not perpendicular to the spiral lamina, but very oblique to it ; and 
on further examination they are found to le nearly parallel to the 
surfaces of a supposed second scroll, concentric with the first, but 
not, like it, constricted at the ends. The lines of intersection of the 
*“‘ secondary ” septa and ‘“‘ primary ” lamina make, therefore, curved 
or oblique outlines on the surfaces of the latter. The septa show, 
however, as straight or nearly straight lines in longitudinal and tan- 
gential sections. 

A series of ‘‘ tertiary ” ingrowths further pass between the opposed 
surfaces of the “primary ” lamina and these and the “secondary ” 
septa. These processes are in the form of pillars, and are arranged 
in rows, longitudinally and transversely, appearing most regular 
in a longitudinal section. They are at right angles, or nearly so, 
to the “primary” lamina. The structure is further complicated by 
the fact that the “ tertiary ” columns, where they attach themselves 
to the spiral lamine at their distal extremities, expand into a more 
or less regular cross-shaped form, the arms of which, uniting with 
those from the neighbouring pillars, form a reticulated framework. 
This, owing to the regularity of position of the columns, may almost 
be considered as forming a system of crossed rafters supporting the 
“roof” of the space contained between each two consecutive folds of 
the “* primary ” lamina, while the columns do not show any such ex- 
pansion on the “floor.” The spaces between the expansions or 
rafters, constituting a series of imperfect chambers, are further filled 
with a loose cancellated growth, which sometimes depends more than 
halfway to the “ floor.” This represents the system of “irregular 
anastomosing tubes” and “parallel columnar or tubular processes ” 
occupying a like position in LZ. persica; but in the form now under 
consideration, probably owing to the greater size of the calcareous 
particles in proportion to that of the test, and its consequent rougher 
construction, no distinct tubulation is recognizable. 

The greatest number of convolutions of the “ primary” lamina 
actually observed is seventeen. Ten is a very common number in 
average-sized specimens. ‘The average breadth of the space enclosed 
between two successive conyolutions of the lamina is one hundredth 
of an inch; and this is maintained with considerable regularity, 
though in young specimens the first two or three whorls are much 
less. The “tertiary” processes or pillars, and the bars of the reti- 
culated framework connected with them, are generally in diameter 
from one four-hundredth to one three-hundredth of an inch, very 
rarely as much as one hundredth. 

The ‘“‘ primary” lamina, as in LZ. persica, is a thin and definite 
wall, generally appearing in microscopic sections as a well-defined, 

* Op. cit. p. 743. 
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though often somewhat flexuous dark line. The “tertiary” in- 
growths, or pillars, are composed of comparatively large particles, 
though these scarcely ever attain a size of one thousandth of an inch. 
Though rough in outline when examined under a high power, they 
are well defined and compact-looking at their proximal extremities ; 
where they are involved in the spongy growth from the roof, they 
become less definite and occasionally appear almost to vanish before 
uniting with the lamina. 

The expansions of the pillars against the roof, or rafters as they 
have been called, are much deeper than wide, and though definite 
and clearly seen in tangential sections of the lamina, are generally 
not distinguishable from the spongy ingrowth in transverse or lon- 
gitudinal sections. Both the rafters and cancellated ingrowth appear 
to differ much in texture from, and to be much more transparent 
than, the columns. The secondary ingrowths, or septa, are of 
similar material, and in many cases are scarcely to be distinguished 
but for the expansion of the pillars upon them. 

The separation of the primary lamina from the subsidiary 
cancellated growth, said to be common in L. persica, and repre- 
sented in plate lxxix. fig. 2 (op. et.), has not been observed in any 
of these specimens, a circumstance probably in connexion with 
their smaller size and less complex structure. Many specimens show 
externally a layer of variable thickness of acervuline or irregular 
erowth. This appears to occur chiefly in those examples which 
may be supposed to have attained maturity, and to have formed a 
stronger protecting crust round the delicate fabric of the test. Fig. 2 
(Pl. VI.) represents this feature, which does not appear to be found 
in LZ. persica. A layer of chambers without any definite external 
lamina appears to be formed, and these chambers communicate out- 
ward, with still less regular openings, and degenerate eventually into 
a cancellated or spongy mass of calcareous particles, which is gene- 
rally limited by a firmer and darker outer layer. Smaller Forami- 
nifera are occasionally included in the substance of the test of the 
Loftusia, though much larger than any of the granular fragments 
usually composing it. 

In the matrix of some of the specimens are a few examples of a 
form which, though seen only in transparent section, from its pre- 
cise resemblance in size and shape to that figured by Mr. Brady as 
Olimacammeria antiqua* in his memoir on Carboniferous and Per- 
mian Foraminifera, I have no hesitation in referring to this species. 

Mr. Brady says of the genus Loftusia that it would “ seem to find 
a natural place at the head of the Arenaceous series of Foraminifera, 
a position corresponding to Alveo/ina in the Porcellanous group, and 
Fusulina among the Vitreous forms.” It is indeed remarkable to 
find the Paleozoic forerunner of the more gigantic Tertiary Loftusia 
agreeing with it so precisely, even in many of the more minute points 
of structure. The case is analogous to that of the discovery by Mr. 
Brady in Carboniferous rocks of Nummulina pristina, which in the 


* Monogr. Palxontographical Society, vol. xxx. p. 68, plate ii, fig, 8. 
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same way corresponds very closely with the Tertiary and modern 


Nummaulites. 

In the arrangement of the pillars uniting the folds of the lamina, 
the spongy ingrowth filling the chambers, and in other points, this 
Loftusia bears a striking resemblance to some forms of Stromatopora.. 
It differs, however, in its regularly spiral character, and in the fact 
that no pores have been observed to traverse the “primary” lamina. 
It is scarcely probable, however, that the organic connexion between 
the different parts of the Loftwsta was maintained only in directions 
parallel to the circuitous course of the lamina. 


Genus Lorrusta, Brady. 


LoFTysiA COLUMBIANA, Sp. Roy. 


Test oval; circular in transverse section; the ends rounded or 
very obtusely spindle-shaped; chambers many, narrow ; septa very 
oblique, more nearly parallel to the sides of a cylinder than is the 
primary lamina; primary lamina and septa, or “secondary” in- 
growths, supported by pillars or “ tertiary ” ingrowths ; pillars nu- 
merous, arranged in parallel lines transversely and longitudinally, 
expanding laterally at their distal extremities to form imperfect cham- 
bers, which are filled with a loose, granular, cancellated growth. 
Exterior of test frequently becoming irregular and acervuline. 

19 


Length of test about 53°, of an inch, width of test about 1% of an 


inch ; intervals between successive folds of the adult primary lamina 
about +4, of an inch. 
Carboniferous Limestone, Marble Canon, British Columbia. 


DESCRIPTION OF PLATE JVI. 


Fig. 1 represents portion of a transparent section, nearly at right angles to 
the longer axis of the Foraminifer. The test is represented by the 
darker shading, while more transparent calcite fills the chambers. The 
primary lamina is designated by a, and is seen to be thickened by the 
spongy ingrowth. 6 designates one of the more perfect secondary 
growths or septa. Many of the tertiary ingrowths end proximally 
before reaching the inner lamina; this may arise in some cases from 
the slight obliquity of the plane of section to the direction of their 
axes. That the section is not truly through the centre of the form is 
seen at d, where it becomes tangential to the inner layer, and exhibits 
a portion of the primary lamina in plan. (X 25.) 

Fig. 2 is a portion of a longitudinal section of the outer part of the test. a 
designates the primary lamina ; c the tertiary processes or pillars. e, f, 
& g refer to the acervuline or irregular exterior portion, well deve- 
loped in this specimen. At ¢ an irregular tier of chambers has been 
formed, which pass outwards in some places almost imperceptibly into 
d, a spongy or cancellated mass, which is generally limited exter- 
nally by a more or less definite wall, g. The secondary growths, or 
septa, are not seen in this section, and tnis is very frequently the case 
in longitudiual sections. It arises partly from the greater transpa- 
rency of these as compared with the thickened floors and the pillars, and 
apparently partly also from the circumstance that they are in reality 
more fragile. (x 25.) 

Fig. 3 represents a portion of a longitudinal tangential section, which is very 

- instructive, as showing nearly all parts of the test. This may profi- 
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tably be compared with that given on plate Ixxix. fig. 1 of Messrs. 
Carpenter and Brady’s memoir. @ indicates a part of the primary 
lamina, which is thickened, as before described, and may consequently 
be seen as a series of rather broad dark zones, indefinite on theirinner 
edges, and running parallel to each other. 0 points out one of the 
secondary growths or septa; these may be seen running parallel to the 
longitudinal axis of the form. They appear wide, from being cut ob- 
liquely, but also, in many cases, from the identification with them of the 
longitudinal rods or rafters formed by the expansion of the pillars. 
At right angles to these, at 2, are seen rods formed by the union, trans- 
verse to the axis, of the distal ends of the pillars. At ¢ the section 
becomes nearly radial, and the pillars are seen as in figure 2. At d 
part of the thickened primary lamina is shown in plan. (X 25.) 

Fig. 4 is nearly longitudinal and radial, representing part of three folds of the 
primary lamina (a) and the pillars uniting them (c). The irregula- 
rities of these are shown, and the cancellated growth from the inner 
side of the lamina is indicated by 2. (x 75.) 

Fig. 5. Portion of the thickened primary lamina shown in plan. At d the 
greater part of the spongy thickening has been removed in grinding 
down the section. The rafter-like thickenings from the intersections 
of which the columns spring are here clearly seen. The darker zone 
surrounding this part represents the primary lamina and its thicken- 
ing (4) obliquely cut. Where, at the edges, the section becomes more 
nearly at right angles to the curved lamina, the pillars may be seen 
running out. (x 79.) 

Fig. 6. Transverse section through the nucleus of a very young specimen, show- 
ing the first convolutions. (x 45.) 

Fig. 7 represents the external form of the organism of actualsize. The figure 
on the right is of an unusually long variety. 
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6. On the Tertiary Deposits on the Sorimons and Javary Rivers, in 
Brazit. By C. Barrrneton Brown, Esq., F.G.S., Assoc. R.S.M. 
With an AppENnDIx, by R. Eruuripver, Esq., F.R.S., V.P.G.S. 
(Read June 19, 1878.) 

[Puate VII. | 


Wartst engaged on the Geological Commission of the Amazon Steam 
Navigation Company of London, in the year 1874, I had an oppor- 
tunity of examining some beds on the banks of the Solimées, or 
Upper Amazon, and one of its tributaries, the Javary, which con- 
tained similar species of fresh- and brackish-water shells to those 
found in the Tertiary beds at Pebas, still further up the Amazon. 
These, I naturally concluded, were part of a southerly extension of 
the same deposit; and my conclusion is, I think, borne out by the 
facts. 

Thinking that any additional records of this highly interesting 
Tertiary deposit might prove acceptable to geologists, | have em- 
bodied the scanty results of my inyestigations in the present paper. 
Amongst the fossils I collected were some hitherto undescribed 
genera and species, which have now been examined by Mr. Etheridge, 
who has described them in an Appendix which he has done me the 
honour to attach to this paper. 

The late Professor Orton was the first to mention the occurrence 
of fossiliferous beds on the Amazon; and Mr. Gabb, to whom he 
submitted the fossils for examination, pronounced them to be of 
Tertiary age. As Professor Hartt, in a paper ‘‘On the Tertiary Basin 
of the Maranon,” published in the ‘American Journal of Science 
and Arts,’ vol. iv. July 1872, has already pointed out, Professor 
Orton erred in stating that these shells occurred in “ the coloured 
plastic clays which stretch unbroken from the foot of the Andes to 
the Atlantic ;’? while Mr. Woodward, in his paper* on the Pebas 
fossils collected by Mr. Hauxwell, arrives at the mistaken conclusion 
that the Pebas beds are “‘evidently bed II. of the late Professor 
Agassiz’s ideal” and erroneous “ section.” i 

Professor Hartt having very thoroughly examined the Ereré 
district, across which Professor Agassiz’s section was run, is better 
able than I am to speak upon the subject; and I therefore refer 
any one interested in the matter to the first paragraph of page 58 of 
his paper above mentioned. 

tegarding the error first referred to above, it 1s easy to see that 
Professor Orton has confounded together two distinct deposits—one 
being an old river-formation composed of coloured clays beneath, 
and white, red, and yellow sands above, capped by red clayey loam 
which passes into the sands; and the other, part of a set of blue 
fossiliferous clays containing seams of impure lignite. 

This old river-deposit, spreading over a great portion of the 

* «Annals and Magazine of Natural History’ for January and February 1871. 
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Amazon valley, similar to the loess of the Rhine, is of exceeding 
interest, cliff-sections of it, ranging from 10 to 300 feet in height, 
being exposed in many places on the banks of the great river and 
its tributaries, where, in their windings through their present 
alluvial plains, they pass at intervals by its edges. It lies uncon- 
formably upon the Tertiary clays; for, on the Javary, the white 
and red sands are seen forming the upper portions of some of the 
cliff-sections, resting on what are undoubtedly denuded surfaces of 
the fossiliferous beds. Unfortunately, in every instance, the actual 
junction of the two is obscured by talus and landslips. As every 
geologist who has worked in the tropics must be aware, cliff-sections 
are invariably unsatisfactory in their greater portions, owing to 
landslips caused by atmospheric agencies, and to the dense masses 
of vegetation which cover them with an impenetrable mask when 
their faces incline in a slight degree from the perpendicular. Again, 
another difficulty presents itself—the sections along a river bordered 
by recent alluvium are never continuous, long intervals of low mud 
shores intervening between each exposure, and forming puzzling 
breaks in their continuity, very trying to one who is endeavouring 
to trace out the sequence of a set of beds. 

Professor Hartt, in the paper before referred to, speaking of some 
sections examined and described for him by a Mr. Steere, remarks as 
follows :—‘‘ In examining the above sections we find the surface- 
bed always composed of variegated clays, with more or less sand, 
which, according to Mr. Steere, were deposited on the much denuded 
surface of the lower fossiliferous beds, the last being clearly Ter- 
tiary.” Here, then, we have further evidence that there is no 
relation between the two deposits, the upper being, as I before 
stated, a river-deposit, and the lower a brackish-water formation. 

Previous to the time of my visiting the country, the Tertiary 
deposit had been traced from Loreto, in Peru, down the Amazon to 
a short distance below Tabatinga, in Brazil. The most easterly 
spot at which I met with it on the Solimdes, or Upper Amazon, 
was in a cliff-section two miles below St. Paulo, a town situated on 
the southern bank of the river, at a distance of 1350 miles from its 
mouth, measured in a straight line, and 150 miles below Tabatinga. 
Following the bends of the river, the distance is 1922 miles. 
Although there were no fossils to be seen, yet, from its similarity to 
the fossiliferous beds on the Javary, I feel confident that it is part 
of the same formation. 

A detailed section of it gives the following horizontal layers :— 

Soll Cencooseaoec Yellowish loam. 

(10 feet. Greyish-blue clay. 

5 ,, Dull purplish clay. 

3 ,, Dark clay, impregnated with vegetable matter. 

1 foot. Impure lignite. 

Tertiary ...... 10 feet. Greenish-blue clay. 
1 foot. Impure lignite. 

20 feet. Greenish-blue clay. 

10 ,,  Bluish arenaceous clay, containing calcareous no- 


\ dules. 
River. 
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Another section, nearer the town, gives the following :— 


‘ : Reddish arenaceous loam. 
aa ‘ 9 : 
River-deposit. 29 feet. LW hite sand, with pebbles. 


: 2 Bluish-grey clays. 

TRSRBENT gosoce Bo x Geer seoaaasoud clay. 

It is difficult to determine whether the Tertiary beds ever extended 
eastward down the Amazon beyond St. Paulo; for, with the excep- 
tion of a blue shaly clay weathering of a brownish-green colour, 
lying at the base of the river-deposits, and only exposed when the 
waters are low, no beds are seen in any way resembling them. 
This shaly clay, which is seen in most sections on the Solimées as 
far down as the mouth of the Purus, is unconformable to the base 
of the overlying beds, and contains well-preserved leaves, which are 
of very doubtful value in determining its age. Beds of friable 
sandstone occupy its place below the river-deposit at Obidos and 
Montealegre ; but not sufficient data have, as yet, been collected to 
show whether they are of Tertiary age or otherwise. 

In ascending the river from St. Paulo, the next cliff-sections are 
at St. Cruz, and again at Caldeirao, on the north side of the Solimées 
some 84 miles on; but they do not expose any Tertiary beds. 

Some 20 miles below the mouth of the Javary, on the south bank, 
the low cliffs there seen are composed of Tertiary beds, which, 
further on, at a place called Rebeirés, are fossiliferous. The section 
there exposed is as follows :— 


: P 4 Red clay. 
Seiya ATEEE | Mottled grey and red clay. 
1 foot. White sand and gravel. 
5 feet. Light greenish clay. 
2 ,, Greenish-blue clay, with layers of shells, and having 


a layer in it of hard reddish clay full of shells. 


Tertiary ...... i 


River. 


The fossils in the greenish-blue clay are of the same kinds as 
those found in the sections on the Javary, described below, while 
the hard reddish clay contains a great abundance of small univalves. 

The Tertiary beds first met with on the Javary are at the 
Barreiras (cliffs) of Santa Anna, where, at the foot of their sloping 
front of reddish and grey clays (a short distance below the landing- 
place), greenish clays containing brown concretionary nodules are 
seen. At the time of my visit the level of the Javary stood at 38 
feet below its high-water mark of floods, and consequently was 
some 20 feet above its lowest level in the dry season. Thus it will 
be seen that a considerable portion of each cliff-section was hidden 
from view. 

At Barreiras Braga the first bed of lignite, which is 2 feet 6 
inches in thickness, is seen with its base at the water-level, dipping 
south at an angle of 3°. Lying upon it is a thick layer of greenish- 
grey arenaceous clay, containing shells like those at Canama, a 
section to be described further on. There is this difference, how- 
ever, that the bivalves predominate in number over the univalves in 
this section, whilst at Canama they are more evenly balanced. 
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Again, amongst them was one large freshwatet bivalve, which, 
owing to its friable condition, was so broken in its removal that it 
is impossible to say to what genus it belongs, though at the time I 
took it to be a Hyria. Upon the greenish clay comes grey clay, 
while all above that is rendered obscure by a landslip. 

There are numbers of poor sections from which nothing can 
be clearly made out until some cliffs on the Peruvian side, a few 
miles below Canama, are reached, where the following section 
occurs :— 


( 3 feet. Reddish loam. 
NB» 4, Greyish clay. 
BA ns Impure lignite. 
a eps 3} © op Blue clay containing fossils. 
"BEHORIET ceoan: ) G5 Greenish-grey clay. 
2 , Gin. Impure lignite. 
20 Soft light greenish-blue clay. 


Blue clay, with fossils. 
River. 


Here I found some large freshwater shells (Unio and Anodon) 
in the blue clay below the upper lignite, and one small species of 
univalve different from those of the other sections; also a portion of 
the body-whorl of a large Gasteropod. At the lower end of the 
same cliffs the river-deposit, consisting of red loam and white sands, 
forms the greater portion of their height, and rests upon a dark 
erey clay, below which is the light greenish-blue clay usually 
found beneath the lower layer of lignite—thus showing evident 
unconformability, the upper beds and lignites having been denuded 
before the deposition of the sands and loam. 

Undoubtedly the clearest section that I had an opportunity of 
examining was that at Canama, at a distance of 200 yards above the 
little settlement of that name, and some 50 miles up, in a straight 
line, from the mouth of the Javary. The arrangement there was 
as follows :— 


as those in the clay. 

14 feet Greenish-blue slightly arenaceous clay, con- 
taining shells sparingly scattered through it, 
of similar genera to those in the beds above, 
and two thin layers of concretionary calca- 
reous nodules. 

1 foot 8in. Lignite. 
\ 6 feet Light blue clay. 


Ree ela oat 3 feet. Reddish loam. 
iver-ceporl’- | 5 ,, 6in. Grey clay, mottled with iron-oxide stains. 
( 1 foot Dull purplish clay, containing numerous casts 
of bivalves, chiefly of Anisothyris. 
| 14 feet Slightly arenaceous bluish clay, containing 
great quantities of shells arranged in hori- 
| zontal lines, chiefly Anisothyris and Nerttina. 
1 foot Nodular concretionary clay-rock, the concre- 
| tional centres of which were composed of blue 
c { limestone, containing shells of same species 
Tertiary ...... 


This layer of lignite is composed of a hard brownish vegetable 
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substance intimately mixed with earthy materials, and contains 
pieces of wood, the original appearances and texture of which are 
very slightly altered. It contains a thin layer, hardly an inch in 
thickness, of pure lignite, while all the rest is impure and uninflam- 
mable. Amongst the decidedly woody parts are surfaces covered 
with minute crystals of iron pyrites. The lignite exposed in the 
section at Canama-Settlement landing, though evidently a continua- 
tion of the same layer, differs exceedingly from the above in its 
upper half being composed of peaty matter containing vast quanti- 
ties of entire and comminuted shells, most of which are minute uni- 
valves. Seeds or nuculee of a species of Chara are also very common 
in it. The lower portion is composed of impure lignite, and does 
not contain any shells. 

Although the cliff-front at the landing-place of Canama appears 
to have slipped, rendering the section doubtful, still I think the fol- 
lowing is the true sequence of the beds :— 


10 O Yellowish clay containing layer of lignite. 
4 0 Dull greenish-blue clay with fossils. 
6 O Light bluish clay. 
210 Impure lignite with fossils in its upper portion. 
3 O  Bluish clay with shells. 
5 O Sloping clay talus. 
River. 

These beds dip east at an angle of 6°. The yellowish clay is 
slightly arenaceous in parts, and, where it reaches a level of about 
6 feet above the water-line, contains numbers of fossil shells, chiefly 
of Melania, Cerithium, and Anisothyris, together with a very 
curious little Neritina marked with black dots. The shells found 
in the two clay beds of the above section are chiefly Neritina and 
Amisothyris. 

From a perusal of the descriptions of the above sections it will be 
seen that though there is a great similarity in the composition of these 
beds in the various spots on the Javary where they occur, yet their 
thickness and relative positions vary greatly within short distances. 
While most of the sections show horizontal bedding, two of them, 
viz. that at Canama landing and that at Barreiras Braga, disclose 
clear dips at gentle angles. It is therefore next to impossible to 
construct a general section representing the true continuity of the 
whole along the river’s edge with any degree of accuracy. It would 
appear that in being raised to their present position they have be- 
come in some degree disturbed. Again, on the other hand, if we 
compare the section that is described as occurring above Canama, on 
the Javary, with a section taken by Mr. Steere at Pebas some fifty 
miles to the northward, we find a remarkable similarity between the 
two, suggesting, in fact, that they are both on the same horizon. Mr 
Steere’s section is as follows :— 
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ft. in. 
“Surface deposit... 10 O Red and white clay. 
5 0 Blue clay, full of fossils. 
13 0 { Blue clay, with an occasional shell too badly 
| preserved to be removed. 
Lignite. For a few inches above and below 
9 | this the clay is filled with vegetable re- 
mains. 
15 0 { Blue clay. In the middle is a band 8 feet in 
thickness containing shells. 
Talus disguising rest of section.” 


The chief differences in the two are, that in the place of the 
nodular calcareous bed of the upper Canama section, the Pebas sec- 
tion has a layer of lignite: while the arrangement of the fossils 
appears to be somewhat different. From my lower Canama section 
it would appear as if the upper bed of lignite corresponded in posi- 
tion with the nodular caleareous bed—in fact, that one passed hori- 
zontally into the other. It appears to me that the Pebas 13- and 
15-feet beds of blue clay correspond exactly to, or are the same as, 
the two Canama 14-feet beds of blue clay. Thus it will be seen 
- that though the sections vary on the Javary in short distances, still 
there is a remarkable similarity between one section there and one 
at Pebas. 

One cannot fail to be struck with the great extent of these beds, 
occupying a tract of country, as far as at present known, of 300 
niles in length by 50 miles in breadth, and containing, curiously 
enough, associated fresh- and brackish-water shells, as well as with 
their position at so great a distance from the Atlantic ocean. At 
the time of their deposition the physical features of the north-eastern 
portion of South America must have been vastly different from what 
they are at the present day. ‘The sea then reached far inland, pro- 
bably to 1500 miles west of its present shore-line, and covered the 
country which is now the valley of the Amazon. Instances of false- 
bedding, showing the action of the strong currents, being nowhere 
observable in the beds of this deposit which have been examined, 
it is probable that they were formed in comparatively still water, 
into which flowed numerous streams bearing much vegetable matter. 
I think we may infer that they are almost the highest beds of a 
series which has been deposited under similar conditions to delta- 
beds of the present day. No speculation of this sort can as yet take 
a definite form, but all must remain visionary until further data have 
been gathered bearing upon the extent, nature, and thickness of this 
deposit where it occurs in other portions of the same region. Then 
we may arrive at the true explanation of its deposition, and find 
out whether it is an old delta as supposed, or otherwise, as well as 
whence came the rivers which contributed to its formation. 

It is with a view to assist in the elucidation of these problems 
that I have here recorded my observations on the structure and ex- 
tent of these interesting Tertiary beds, where I have met with 
them. 


Q.J.G.8. No. 137. é 
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APPENDIX. 


Nores on the Motnusca collected by C. Barrineton Brown, Esq., 
A.R.S.M., from the Trrttary Deposrrs of Soriméns and JAVARY 
Rivers, Braziz. By R. Erarripver, Esq., F.R.S., V.P.G.S. 


THe collection of Tertiary Mollusca made by C. B. Brown, Ksq., to 
illustrate a portion of his investigation of the geological features of 
certain portions of the Upper Amazon, although few in species, is 
nevertheless of value on account of its showing a considerable ex- 
tension of these later Tertiaries on the Solimées or Upper Amazon 
and Javary rivers in Brazil, ranging over an area 300 miles in 
length by 50 miles in breadth; again, the great extension westwards 
of the Atlantic, probably, as Mr. Brown believes, some 1500 miles 
west of the present shore-line and covering the area now the valley 
of the Amazon, is of sufficient interest to demand some notice of the 
Mollusca once occupying the now elevated sea-, estuarine, and fresh- 
water deposits. 

Mr. T. A. Conrad* and Dr. H. Woodward*+ have both described 
certain species of Mollusca from these Tertiary deposits, many of 
them being the same as those collected by Mr. Brown, thus pre- 
cluding other notice than reference to them in the volumes cited 
below. I am enabled to add and describe about fourteen new species 
or forms, or such as I cannot determine from the works of others. 


PLANTA, 
Cuara (seeds of). 


The only remains of this freshwater plant are some eight or ten 
seeds, smaller than those of our British Charas; nothing whatever 
can be determined as to the specific characters of the plant through 
the seeds. It is a widely distributed genus, occurring in stagnant, 
fresh, and brackish water. The Upper Eocene beds (Hempstead 
series) of Britain contain three species, and three occur in the Post- 
Pliocene series ; we should expect to find the remains of this plant in 
extensive marsh and shallow-lake districts. The habit of the plant 
tends to its preservation, owing to the amount of carbonate of lime 
secreted in the stems and nucule. About forty species are known, 
and about fourteen are British. : 

Loc. Canama, in the lignite bed. 


MoLLuvusca. 


LAMELLIBRANCHIATA. 


Dreissena acuta, Ether. (Pl. VII. fig. 1.) 
I give this a provisional name, first, because it is the only speci- 
men, and secondly, the Dreissene are so much alike that, without a 


* Amer. Journ. of Conch. vol. vi. p. 192, t. 10, 11 (1871). 
t Ann. & Mag. Nat. Hist. ser. 4, vol. vii. pp. 59, 101, t. 5 (1871). 
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proper series for comparison, it would be wrong to do more than 
give it a name for the purpose of recognition; the strong ridge, 
acute umbo, and longitudinal lines clearly determine it to be a 
Dreissena. 

Dr. C. L. F. Sandberger, in his exhaustive work ‘ Die Land- und 
Stisswasser-Conchylien,’ names many species of Dreissena ; but none 
appear to agree with our form; the extremely acute and curved umbo 
and strong keel in our species distinctly separate it from the forms 
figured by Sandberger; his D. claviformis mostly resembles our spe- 
cimen, but the ventral ridge is much more strongly marked than in 
his species. 

Loc. Canama. 


ANISOTHYRIS CARINATA, Conrad, loc. cit. p. 196, t. 10. f. 7; H. 
Woodward, loc. cit. p. 106, t. 5. f. 6. 


This singular shell is without question the same as Conrad’s Pa- 
chydon carinatus, which is so well described by Conrad and Wood- 
ward, op. cit., that it needs no notice from myself. It evidently is 
an abundant shell in these Amazonian beds. 

Loc. Canama. 


ANISOTHYRIS TENUIS, Gabb (Pachydon), American Journal of Con- 
chology, vol. vi. p. 196, t. 10. fig. 1. 
Pachydon tenua, Gabb, ib. vol. iv. p. 199, t. 16. fig. 6. 


This shell is described and figured in the American Journal above 
quoted under the name Pachydon. Conrad suggested the name Ani- 
sothyris for this genus, the name “ Pachydon” being preoccupied. 
Dr. Woodward adopts Anisothyris in his paper on the Tertiary shells 
of the Amazon valley, where the affinities and differences are also 
ably discussed. 

Loc. Canama. 


Anisoruyris Hauxweti1, H. Woodward, loc. cit. p. 105, t. 5. f. 7. 


There is no doubt this is the shell referred to in Dr. Woodward’s 
paper, closely as it resembles A. tenwis. 
Loc. Canama. 


AntsorHyRis (Pacnypon) tumipA, Ether. (PI. VII. fig. 2.) 


Shell thick, tumid, obtusely triangular, equivalve, inequilateral, 
delicately wrinkled, with a shining epidermis; posterior area 
slightly flattened; anterior region nearly vertical or obtusely 
rounded; ventral margin much rounded; umbonal region thick ; 
umbones incuryed, contiguous ; lunular area deep. Cardinal tooth 
deltoid, acute at the apex, and slightly erect ; hinge-pit deep; lateral 
tooth thick, clongated ; pallial impression simple ; oral and anal scars 
placed very far forward and backward. 

The umbonal region differs from that of Corbula in the spiral 
arrangement of the umbones, which are much incurvyed, and by the 

«2 
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interlocking of the tooth in the left valve at the uppermost part of 
the lunule into that of the right valve*. 


CorBULA CANAMAENSIS, Hther. (PI. VII. figs. 3, 3a.) 


I have no means of determining whether this be a new species or 
not; the forms are so similar, and specifie differences amongst them 
too slight to be observed from figures, unless specimens for compari- 
son are before us. I give it a local geographical name, and figure 
the shell in case other specimens are collected from the same wide 
area; probably this form is estuarine. Corbula (Potamomya) labiata 
(Azara, D’Orb.), from the La Plata, and also from the Pampas and 
other places in the Argentine Republic, may be this species or a 
variety. Although this shell resembles Anisothyris erecta, Conr., and 
the figure by Dr. Bottger, Jahrb. k.-k. geol. Reichsanst. 1878, t. 14. 
f. 12, I still believe it to be quite distinct. 

Joe. Canama. 


TerRacta? 


One valve (left) only of this genus oceurs. Although probably a 
mature shell, it is a small species; no name can be given to it. 
Loc. Canama. 


LurTrartia ? 


Like the above (Thracia); only one valve of some small species 
occurs. Both appear to be marine gerera; but we know not under 
what condition they were deposited or became associated with the 
estuarine and freshwater fossils. I name them with doubt. 

Loc. Canama. 


ANODON, sp. 


Two fragments only testify to the freshwater condition of the 
strata in which they occur. The shell of this species must have 
been thick and large. 

Loc. Cliffs a few miles below Canama. 


Unto. 


We have the anterior portion only of an elongated species. Umbo 
very anterior, eroded, having one large elongated tooth and slightly 
rugose posterior markings; one long posterior hinge-tooth occupies 
more than half the length of the shell. Shell thick, 

Loc. Cliffs a few miles below Canama. 


* Dr. H. Woodward, in his paper upon the Tertiary Shells of the Amazon 
valley, under the genus Pachydon, notices many affinities and differences be- 


tween the above genus and certain allied forms, such as Corbula, Azara, 
Neera, &e. 
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GASTROPODA. 


PsrupoLacuna*, Bottger, 1878, Jahrbuch kaiserlich-kéniglichen 
geologischen Reichsanstalt, Wien, 1878. 


PsEUDOLACUNA MACROPrERA, Bottg. loc. cif. (Pl. VIL. fig. 12.) 


Shell small, smooth, composed of six whorls; spire conical; the 
body-whorl greatly enlarged; left or columellar lip thick, reflected, 
possessing a single central tooth on the sigmoidal columella, and a 
smaller callosity on the upper portion ; aperture elongated, somewhat 
trigonal and expanded, and acute or angular centrally, pointed at 
both extremities, emarginate at the base, or the anterior canal 
slightly recurved ; outer or right lip thick. 

This shell resembles in outline the genus Alycewus of Gray, but 
the columellar tooth, elongated aperture, thickened peristome, and 
reflected callosity on the columella remove it from that genus. 

Loc. Canama. 


Natica 2 

Three specimens which appear to belong to this genus are amongst 
the shells collected. They are thick and heavy for so small a species, 
and appear to me to be somewhat abnormal forms of Natica. 

Shell thick, smooth, glazed, and dense; whorls five, ventricose ; 
sutures deep; body-whorl large; aperture elongated; left or colu- 
mellar lip thick; near posterior canal much thickened; right lip 
slightly waved; umbilicus (?) small. 

Loc. Canama. 


Neririna punera, Ether. (PI. VII. fig. 9.) 


Shell small, semiglobose, thick; outer lip of peristome much ex- 
panded ; surface of shell covered by dark, nearly equal-sized, spots, 
which appear to be epidermal or cuticular (they disappear with the 
removal or destruction of the outer shelly covering) ; columella ver- 
tical, with six or seven obscure teeth along its edge; the pigment- 
dots are arranged in lines springing from the apex, as in Neritina 
ziczac, and follow the lines of shell-growth. Although the mark- 
ings may have no specific value, I nevertheless refer to them asa 
means of recognizing the shell in the same deposits. 

Loc. Canama (in yellow clay). 


Neritra ziczac, Ether. (Pl. VII. figs. 10, 10a.) 


Shell semiglobose, broader than high; aperture lunate; outer lip 
expanded, thin, or acute; columella broad, flat, and straight, having 


* I had proposed the name Alyceodonta for this shell, naming the species 
after Mr. B. Brown. I find, however, that Dr. Oskar Bottger, of Frankfort, 
has already described it, giving it the above name (Psewdolacuna macroptera). 
There can be no doubt it is Dr. Bottger’s genus, We both apparently gave a 
new generic name to this shell; but priority must be given to Dr. Bottger, on 
account of date of publication, as, since my notice of the shell, the description 
by Dr. Béttger has appeared, which necessitates my withdrawal of the name 


Alycgodonta. 
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numerous small denticulations along its vertical edge; columellar 
side of body-whorl covered by a glossy expanded fold, nearly equal- 
ling in size or expansion the aperture-opening; outer surface of 
shell glossy, and covered with wavy, subangular, or zigzag lines, all 
emanating from the apex of the shell and ranging vertically down 
the expanded body-whorl. 

Loc. Canama. 


OposTOMIA, Sp. 


Three specimens of this genus occur. They are not in a condi- 
tion to be named specifically. 
Loc, Canama. 


Hypropia pusia, Hther. (? Panupmsrrina). (Pl. VII. fig. 11.) 


We have forms of this genus, or one strongly resembling it; 
they do not appear to have been noticed by Gabb or Conrad. 
Whorls five, smooth, rounded; outer lip thin, the inner slightly 
reflected over the umbilicus; body-whorl large; sutural constric- 
tions deep. I can hardly detect any difference between this and 
our Hydrobia pupa, and, as may be expected, many issow may be 
mistaken for it also. ‘There are only two specimens, not well pre- 
served, and I name them with much doubt. 

Loc, Canama. 


[sma ?, Conrad. 


Iscea, sp., allied to I. Ortont, Gabb. 

Mesalia, sp., Amer. Journ. Conch. vol. iv. p. 198. 

Iscea, Conrad, Amer. Journ. Conch. vol. vi. p. 193, t. 10. f. 10-13 
(1870-71). 

Two small shells seem to me to belong to the above species. 
Mr. Gabb’s specimens were too imperfect to show some characters ; 
ours are little better, and fail to show the mouth. 

Loc. Canama. 


Dyris, Conrad. 
D. gracilis, Amer. Journ. Conch. vol. vi. p. 195, t. 10. f. 8. 


Conrad figures and describes a slender shell, to which I refer our 
four specimens. ‘The figure is of little value; but the short descrip- 
tion agrees with our forms. 

Loc. Canama. 


AsstmtnzA, Leach. 

A. crassa, Ether. 

Shell thick, composed of five ventricose whorls; sutures deep ; 
body-whorl large, somewhat subangular in outline; inner or colu- 
mellar lip thick and reflexed over the columella. 

The shell-structure in these Assiminee is thicker than usual, 
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which may be due.to their habit of life. To refer them to any British 
species would lead to error, for the want of better evidence and 
knowledge of the animal. 

Loc. Canama, 


Frenetta, Adams. 


Only one specimen of this genus (fam. Rissoide) appears amongst 
the small shells in the collection ; no specific name can be appended. 

Shell small, elongated, composed of seven whorls, those of the 
spire having two concentric lines near the base of each whorl, the 
body-whorl possessing three or four; aperture elongated; columella 
thick. Length 53, inch. 

Loc. Canama, 


CrRITHIUM coronatuM, Ether. (PI. VII. fig. 5.) 


Shell elongated; whorls ten, the first six or seven smooth, or 
nearly so, the remaining whorls ornamented with tubercles and 
coarse lines; tubercles arranged in a single row along the shoulder 
of cach whorl below the sutural line; outer lip notched close to the 
shoulder of the whorl and suture in a line with the line of nodes or 
tubercles ; inner or columellar lip reflected ; base of the body-whorl 
with four or five strongly marked concentric lines and a few fainter 
ones near the anterior canal, and crossed by fine lines of growth. 

Loc. Canama. 


Metanorsis? Brown, Ether. (Pl. VII. fig. 4.) 


There are some eight or ten specimens of this species; but I have 
nothing to compare them with. The genus is represented by a large 
number of species distributed world-wide; it apparently, with the 
other molluscan remains of the Amazon valley, was estuarine in 
habit. 

Spec. char.—Shell turreted, elongated ; whorls five, sides vertical ; 
sulcus or suture at junction of the whorls depressed, the sutural edge 
elevated ; upper whorls doubly carinated ; body-whorl concentrically 
banded by nearly equidistant lines, slightly rugose at the base, here 
and there possessing a varice; anterior canal slightly notched; outer 
lip toothed ; columellar lip slightly reflected and thick. 

This shell much resembles a Melania, and but for the siphonal 
notch might be referred to that genus or its subgenus Plotia. 

Loc. Canama. 


Mrnanra TRICARINATA, Ether. (Pl. VII. fig. 6.) 


Shell small, elongated; whorls nine, ventricose, bevelled, and 
deeply constricted on the upper part or shoulder of each whorl; 
three carinee, or distinct lines, occur on all the whorls except the last 
or body-whorl, which possesses four; aperture ovate; anterior canal 
short, very slightly notched. Length 4 inch. 

Loc, Canama. 
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Meranta scatarrorpes, Ether. (PI. VIL. fig. 8.) 


Shell small, turreted, ribbed, or strongly costated; whorls seven, 
ventricose ; sutural constrictions deep; the varices, or costv, are 
nodular about the middle of each varice, producing on each whorl 
a kind of median keel or projection; aperture oblique or ovate. 
Length 53, inch. 

This shell resembles Prososthenia Schwartzi (Neumayr), Sand- 
berger, ‘ Land- und Stisswasser-Conchylien,’ p. 673, t. 32. f.2. I 
may almost say it is the same species, if we may trust the figure in 
Sandberger’s plate. I have doubts, however, about its even being 
a Melania. Nevertheless [name it WM. scalarioides, at the same time 
referring to the above work for comparison. 

Loc. Canama. 


MrLAnta BICARINATA, Ether. (PI. VII. fig. 7.) 


Shell small, elongated ; whorls seven; two carine occur on ail 
except the body-whorl, which has three; considerable space occurs 
between the double lines, and this is occupied by a smooth area, 
which apparently has no markings; aperture elongated; columella 
obtusely carinated and thickened. Length 7 inch. 

Loc. Canama. 


Myuiopatis, sp., or Zrcopatis. (Pl. VII. fig. 13.) 


A single plate only (median or lateral) of a palatal tooth; how it 
came into the freshwater beds of Canama is doubtful, although the 
“rays” are said to oceur high up in the Amazon river. It may, how- 
eyer, have been derived from some Eocene beds within the area. 

Loc. Canama (from the lignite bed). 


EXPLANATION OF PLATE VII. 


. Dreissena acuta, Ether. 

. Anisothyris (Pachydon) tumida, Wther. 
. Corbula canamaensis, Ether. 

. Melanopsis? Brownit, Ether. 
Cerithium coronatwm, Ether. 

. Melania tricarinata, Ether. 

. Melania bicarinata, Ether. 

- Melania scalarioides, Ether. 

. Neritina puncta, Ether. 

10. Neritina ziezac, Ether. 

11. Hydrobia dubia, Ether. 

12. Pseudolacuna macroptera, Bottg. 

13. Myliobatis or Zygobvatis, sp. (plate of a palatal tooth). 


The short lines appended to some of the figures indicate the size of the 
specimens; the rest are of the natural size. 


Fig. 


Quart. Journ Geol Soc Vol. XXAV.PI VI 


G.Sharman ad nat.del.et lith. Hanhart mp 
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7. On the Uppnr-Greensand Corat Fauna of Haxpon, Devonsuire. 
By Professor P. Martin Duncan, M.B. Lond., F.RS., &e. 
(Read November 20, 1878.) 


[Puate VIII. | 


MM. Mitne-Epwarps and Jules Haime, writing in 1850, in their © 
celebrated ‘Monograph of the British Fossil Corals,’ stated that “the 
class of Polypi had not, in all probability, numerous representatives 
in the beds where the Upper Greensand was deposited ; for we have 
as yet seen only four British species belonging to that formation ; 
and the English geologists do not appear to have met with many 
more. Most of the fossils belong to the family Astreide, and have 
been found at Haldon, at Blackdown, or at Warminster” *. 

During the twenty-eight years which have elapsed, so many speci- 
mens of fossil corals have been discovered in the English Upper- 
Greensand series that the coral fauna of that age has become an im- 
portant one, and requires more careful examination by paleonto- 
logists. 

MM. Milne-Edwards and Jules Haime described a few speci- 
mens which had been collected and studied, to a certain extent, by 
Mr. R. Godwin-Austen and Prof. John Morris. Thus Peplosmilia 
Austeni, Kdw. & H., of Haldon, was described by the French natu- 
ralists from Mr. Austen’s specimen, and two species, called by Mr. 
Godwin-Austen Astrea elegans and Astrea escharoides, were men- 
tioned in the Monograph; but as the specimens were not available, 
the forms were not delineated. 

The Blackdown Greensand contained Morris’s Yurbinolia com- 
pressa, Which became Trochosmilia tuberosa, Kdw. & H.; and Paras- f 
trea, now Huvia striata, Kdw. & H., came from the same locality. 
The Warminster Greensand yielded Micrabacia coronula, Goldfuss, 
sp., to the researches of the distinguished zoophytologists. 

Some time afterwards the same authors published a description 
of Smilotrochus Austeni, Edw. & H., from the Farringdon Greensand, 
and altered the generic title of the Trochosmilian form from Haldon 
to Smilotrochus tuberosus, Kdw.& H. One new form was thus added 
to the list. 

In 1869 and in 1870 the portion of the ‘Supplement to the British 
Fossil Corals’ relating to the corals of the Upper-Greensand series 
was published by the Palsontographical Society, and considerable 
additions were made by me to the fauna from Haldon. The coral 
fauna of the Cambridge Greensand was also described ; moreover an 
Irish coral species was determined from a similar geological horizon. 

The Haldon species had been carefully collected by Mr. W. Vicary, 
F.G.S. ; and the Cambridge Greensand corals were placed in my hands 
by Mr. James Carter and the Rey. Thomas Wiltshire. The results 


* MM. Milne-Edwards and Jules Haime, Palxontolog. Soc., Monog. Brit. 
Foss. Corals, part i. 1850. 
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of their examination, published in the above-mentioned Monograph, 
showed that the following species were distinguishable :— 


Placosmilia cuneziformis, Kdw. § H. | Cyathophora monticularia, D’ Orb. 


Parkinsoni, dw. §& H. Fayvia minutissima, Duncan. 
magnifica, Duncan. Astrocenia decaphylla, Edw. & A, 
depressa, 1. de From. Isastraa haldonensis, Duncan. 


These eight species are from Haldon. 
The specimens from the Cambridge Greensand are :— 


Smilotrochus elongatus, Duncan. Onchotrochus Carteri, Duncan. 
angulatus, Duncan. 


And Farringdon yielded Smilotrochus Austeni, Edw. & H. 

The corals of the Cambridge and Farringdon Greensands are small, 
simple, and probably lived in a few fathoms of water, with their 
bases in sand or mud; but those of Haldon, mentioned above, tell a 
different story, the truth of which is enhanced by the later collec- 
tions of Mr. W. Vicary. Not only are the simple corals, the Pla- 
cosmilie, and Peplosmilic, for instance, large forms (and, indeed, some 
are as large as the ordinary simple tropical corals of the present 
day), but the last four in the Haldon list indicate the conditions of 
a fringing reef. The Jsastrwa and the Astrocenia were vigorous 
forms, and with the Yavia and Cyathophora were true limestone- 
builders. 

During the last few weeks Mr. W. Vicary has placed his collec- 
tion again at my service; and I find that the list of species requires 
much addition, and that some of the new forms are very remarkable. 

The following is the list of the new species from Haldon described 
in this communication :— 


Trochosmilia varians, Reuss. Oroseris haidonensis, sp. nov. 
Haldonia Vicaryi, sp. nov. Actinacis stellulata, sp. nov. 
Stelloria incrustans, sp. nov. insignis, sp. nov. 
Baryhelia reticulata, sp. nov. Trochoseris constricta, sp. nov. 
Thamnastreea belgica, Hdw. & H. Morrisi, sp. nov. 


-— Ramsayi, sp. noy. Helicpora ceerulea, Grimm. 


These twelve species, with the eight noticed already, and the first 
one described by MM. Milne-Edwards and Jules Haime, form the 
twenty-one species of the Haldon Greensand coral fauna. In order 
to comprehend the nature of this fauna it is necessary to consider 
the morphology of the species as explained in their description. 


Description of new Species of Corals from the Haldon Greensand, 
and notices of the previously described forms lately found there. 


MADREPORARIA APOROSA. 
Family ASTRAID A. 


Group TROCHOSMILIACEM. 
TRocHosMIrtTA vARIANS, Reuss, Denkschr. der Wiener Akad. der Wiss. 
t. vil. p. 88, pl. 6. figs. 7-11 (1854). 
The corallum is upright, straight, and has a large base; its height 
varies in different specimens. The costs are alternately rather 
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projecting close to the calicular margin, and are formed by simple 
series of granulations. ‘The calice is elliptical in outline, the axes 
being as 1:14. There are four or five cycles of septa, and the 
septa are unequal and stout. ‘The species is from the Gosau Creta- 
ceous series of the age of the French Craie tuffeau. 

English Locality. Haldon Greensand. In the collection of W. 
Vicary, Esq., F.G.S., Exeter. 


Group HUsMILIN® AGGREGATS. 
HALpontiA, gen. nov. 


The corallum is massive; the corallites are united by their walls ; 
the calices are circular in outline, and there is no columella. Pali 
exist before the primary septa. The coste are well developed, and 
do not unite with those of other calices, or pass from one calice to 
another. ‘The endotheca is abundant, and closes the calice inferiorly 
as if by false tabule. 


Hatponta Vicaryi, sp. nov. (Pl. VIII. figs. 2, 3.) 


The corallum is massive, with a broad inecrusting base and a 
slightly convex surface. The calices are separated by a slight de- 
pression, are rather raised, deep, and widely open. ‘The coste are 
well developed, slightly erect, larger than the septa, long, straight, 
broad, separate, widest without and rounded above; those of the 
first and second cycles are the largest, the primaries exceeding the 
secondaries. The septa are slender, but well developed, long ver- 
tically, and not exsert; they are unequal, and form three cycles in 
six systems; the primaries are the longest, and reach furthest 
towards the axial space. ‘The pali are small, distinct, and narrow, 
but they are largely granular and broadly ridged, and are placed 
just within the primaries. The breadth of the calices is =}; inch. 

Loc. Haldon Greensand. In the collection of W. Vicary, Esq., 
F.G.S., Exeter. 


Group LitHOPHYLLIACEH MEANDROID, Edw. & H. 


STELLORIA INCRUSTANS, sp. noy. (Pl. VILLI. figs. 4, 5.) 


The corallum incrusts shells or littoral concrete; it is flat, slightly 
uneven, gibbous, and depressed here and there, and covers much 
space. The valleys are short, straight, often radiating, sinuous, 
or shorter and gyrose; they are very narrow, but are deep and 
without columella, and are closed at some depth by an endotheca 
resembling tabule, which do not, however, quite reach across. 
The collines are very narrow, sharp; and the septa join above on a 
wavy ridge; they reach but a small distance from the colline, but 
are long vertically, and are subequal and placed at regular intervals, 
and are crowded and stout. The endotheca is situated deeply, and 
extends more or less across the valley. Width of a valley and two 
collines from J, to >}; inch. 

Loz. Haldon Greensand. In the collection of W. Vicary, Esq., 
F:G.8., Exeter. : 
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co 
bo 


Family OCULINID A. 


BARYHELIA RETICULATA, sp. nov. (Pl. VIII. fig. 1.) 


The corallum is massive, short, and irregularly ramose. The 
calices are few in number, are placed without any definite order, 
and are irregularly separate; some are sunken in the coenenchyma, 
and others are on short conical eminences; they are deep, with 
solid walls, and there are six large septa, and a rudimentary one 
exists between some of the larger. There is no columella, and 
there are no pali. The surface of the coenenchyma is microscopi- 
cally reticulated, and the meshes are small and irregular, but very 
distinct, the ridges being thin and short. There are no coste. The 
diameter of the calices is from 54, to +5 inch. 

Loc. Haldon Greensand. In the collection of W. Vicary, Esq., 
F.G.S., Exeter. 


MADREPORARIA PERFORATA. 


Family FUNGIDA. 


Subfamily Lopnosurin”, Edw. & H. 


THAMNASTR@A BELGICA, Edw. & H. 


_ This species has not been satisfactorily diagnosed by MM. Milne- 
Edwards and Jules Haime; but the forms under consideration from 
Haldon, which appear to be stunted specimens of it, show the fol- 
lowing characters :—The corallum is in the form of a gibbous, thin, 
incrusting lamina. Calices very small, less than 3, inch in dia- 
meter, shallow, with a papillary columella. Septa broadly dentate 
above, stout, subequal, the primaries being the longest. The costa’ 
are bifurcations of the septa. 
In the collection of W. Vicary, Esq., F.G.S., Exeter. 


THAMNASTR#A Ramsayi, sp. nov. (Pl. VIII. fig. 6.) 


The corallum is convex above; the calices are small (less than 
5 inch in diameter), often crowded, and now and then forming 
short series. The columella is large and trabecular, with a few 
papille. The septa, twenty-four in number, are slender, unequal, 
some not reaching the columella, and the coste are more numerous 
than the septa. 

Loc. Haldon Greensand. In the collection of W. Vicary, Esq., 
F.G.S., Exeter. 


ORosERIS HALDONENSIS, sp. nov. (Pl. VIII. figs. 9 & 10.) 


The corallum is large, not very thick ; it incrusts and has a sub- 
plane surface. The calices are in small series separated by well- 
developed short collines, or isolated and in linear groups and 
separated by a colline. The calices are irregular in shape, rather 
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deep, and there is no columella or barely the vestige of one. The 
septa are usually 24 in number; and the costex are close, subequal, 
long, thin, and much more numerous than the septa, two or three 
uniting to form the septum. The trabeculz are well developed. 
There are 48 cost, as a rule, and others which are on the collines 
besides, to each ordinary calice. Breadth of calice 5-42, inch. 

Loc. Haldon Greensand. In the collection of W. Vicary, Hsq., 
F.G.S., Exeter. 


Subfamily TURBINARIN#, Kdw. & H. 


ACTINACIS STELLULATA, sp. nov. (PI. VIII. fig. 7.) 


The corallum is incrusting and moderately thick. The ccenen- 
chyma is well developed, and separates the calices, which are 
circular in outline, shallow, and not well defined on account of the 
continuation of the septo-costal system into neighbouring calices. 
The columella is small, but distinct. The pali connect twelve septa 
with the columella, and are subequal. There are two cycles of 
septa, and the lamine, as well as the costal prolongations, are tra- 
becular, and there are stout, low, long, broad and rounded spines on 
their free upper surface. The intercalicular space is covered with 
cost ; thin ornamented and intercostal spaces. The breadth of two 
calices and an interspace is ;4, of an inch. 

_ Loc. Haldon Greensand. In the collection of W. Vicary, Esq., 
F.G.8., Exeter. 


ACTINACIS INSIGNIS, sp. noy. (PI. VIII. fig. 8.) 


The corallum is flat, low, and incrusting. The septa, from 12-18 
in number, unite by their pali in an axial ring. The coste, more 
numerous than the septa, are crowded, and are joined by synapti- 
cule. The septa are minutely trabecular. Breadth of calice about 
=, inch. 

** Loc. Haldon Greensand. In the collection of W. Vicary, Esq., 
F.G.8., Exeter. 


Section Srmpxicus. 


TROCHOSERIS CONSTRICTA, sp. nov. (PI. VIII. figs. 11 & 12.) 


The corallum is straight and constricted between the broad base 
and the equally broad and widely open shallow calice. The coste 
are small, very numerous, close, slightly unequal, largely granulate, 
and projecting outwards at the margin, where they are largest. 
The septa are numerous (120), close, arched, long; the higher orders 
unite with the next,and these with the tertiary, forming groups. 
The primary septa are separate, and many septa dip into the shallow 
axial space. The synapticule are rare; the columella is very small 
and papillary. The length of the corallum is 55, and the breadth 
=>, inch. 

"Loc. Haldon Greensand. In the collection of W. Vicary, Esq., 
F.G.8., Exeter. 
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TrocHosrrts Morrist, sp. noy. (Pl. VILL. figs. 13-15.) 


The corallum is conical and short; the broad, circular, widely 
open, shallow calice is much broader than the length of the whole. 
The septa are numerous, close, granular laterally ‘and superficially, 
and unite in groups ; the largest reach the axial space and correspond 
externally with coste. The smaller septa occasionally fuse into the 
sides of the larger, besides simply joining them. ‘The axial space is 
long and deep, the columella is minutely papillary and sel and 
the sy napticulie cue scarce but distinct. Length of corallum 55, inch ; 
breadth of calice +4 inch. 

Loc. Haldon. i the collection of W. Vicary, Esq., F.G.S., Exeter. 


ALCYONARIA TABULATA. 


Hautropora c@RvuLEA, Grimm. (PI. VIII. figs. 16-18.) 


The corallum is massive and in thick laminz, which are either 
flat or gibbous on the surface. 

Coenenchyma largely developed, and intertubular projections very 
small. Larger tubes wide apart, irregular, circular in outline, and 
with from 12 to 18 very slightly projecting septa. Tabule bent 
downwards. 

There is a small variety of the species with a rounded surface and 
smaller tubes. 

Loc. Haldon Gr eensand, — In the coliection of W. Vicary, Esq., 
F.G.8., Exeter. 


Remarks on the Species. 


The Trochosmilian belongs to a group which may be said to be 
characteristic of the Hippurite Chalk and Craie tuffeau. 

Baryhelia is a remarkable genus of the Oculinidz without colu- 
mella, pali, and coste. Its species hitherto described have great 
calices, and they have been found in the Craie tuffeau. The new 
form has only generic alliances with them. 

Haldonia is a new genus, and may be said to be a Cyathophora 
with pali; but the costs are not continuous. The species is a very 
beautiful form, and conforms to the type of the age. 

Stelloria is a genus restricted to the Craie tuffeau of Le Mans, 
Tle d’Aix, Gosau, and Piesting, in Europe; but it is closely allied 
to the Calorie of the Red Sea and Pacific and of the West-Indian 
Miocene. A Stelloria, not without its affinities to the Haldon form, 
is described by Stoliczka from the Turonian of South India. The 
new species is very common ; and although its specimens do not grow 
into very large forms, yet the presence of small forms is very signi- 
ficant so far as external conditions are concerned. 

The species of Thamnastrea are stunted forms ; they incrust other 
substances ; and one of them has the peculiarity (which is common to 
several Haldon species of different genera) of haying more costae 
than septa from the latter branching. 

The species of Actinacis are very interesting; they are perforate 
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corals allied to the Turbinarians of the Red Sea and Pacific, through 
Astreopora of the European Eocene deposits. All the hitherto 
known species here come from the Cretaceous series at Gosau and 
Figuiéres, which are the geological equivalents of Haldon ; but the 
new species differ from the others, and have the granules or spinules 
between the calices, and which are in the position of cost, in greater 
number than the septa. 

Oroseris has hitherto been known as a genus of Jurassic age, and 
of the Oligocene or Kocene and Miocene. D’Orbigny has described 
a doubtful species from the Neocomian, and that now presented 
clearly fills up a part of the gap in the continuity of descent. The 
genus is extinct. The coste are double the septa in number. 

The species of the genus Y'rochoseris have a great range in time 
and space. The first which appeared was in the Hippurite Chalk 
and came from Gosau; the type was continued into the Eocene, and 
a recent species lives amongst the Philippines. The new species 
are thoroughly distinct from the others. 

Heliopora, formerly a tabulate Madreporarian genus, has now, 
under the admirable study of Moseley, been placed amongst the 
Aleyonaria. Its only living species is the blue Heliopora of the Pacific 
reefs, which is, usually, in the shape of lobed tufts or digitate fronds, 
Moseley has shown that its septa are very short and vary from 12 
to 16. Several fossil Tabulata closely resembling Heliopora cerulea, 
Grimm, sp., have been described; and it is certainly curious that 
some nine of them should have come from the horizon of Gosau 
and Uchaux in the Hippurite Chalk. Others are supa-cretaceous, 
some being found in the Eocene. Reuss, apparently believing that a 
modern genus could not have been represented in the age of Hip- 
purites, called one Polytremacis, and established several species ; but 
MM. Milne-Edwards and Jules Haime restored some of the forms to 
Heliopora. The distinction was, that either the septa were 24 in 
number, or that there were traces of coste, or that the septa were 
long- or short-pointed. ‘These are not generic distinctions. Poly- 
tremacis is really Heliopora, although its species lived in the Turonian 
and Eocene. They are all probably descendants of Heliolites of the 
Paleozoic age. 

The Haldon fossils cannot be distinguished from the incrusting form 
of recent Helopora cerulea, and the shape of the corallum and some 
minor differences are the only distinctions between it and the type 
of MM. Milne-Edwards and Jules Haime. An incrusting form is 
in the British Museum. The colour of the fossil is rusty red. 


Remarks on the Fauna as a whole. 


The coral fauna of Haldon appears to be the northern expression 
of that of the French and Central-European deposits, which are the 
equivalents of the British Upper Greensand. It has but slight affi- 
nity with that of the Cambridge Greensand area, where the condi- 
tions do not appear to have been those favourable for a fringing reef. 
The Haldon deposit, so far as the corals are concerned, was a shallow- 
water one, and the zoophytes grew upon the rolled, broken, iittoral 
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concrete of the age. Almost all the species were incrusting; and 
yet some specimens are bulky, and, before the subsequent silicifica- 
tion, doubtless formed considerable masses of limestone. 

A recent coral fauna possessing the genera whose morphology is 
closely allied to those of Haldon would indubitably be regarded as 
a tropical fringing-reef assemblage, requiring a mean surface tem- 
perature of at least 74° F. The condition of the comminuted shells 
and the presence of rolled pebbles amongst the supporting rock of 
the corals of Haldon testify to the energetic action of the sea 
there. Such a condition would be favourable to the growth of 
the compound and true reef-builders of the age. The fauna is a 
poor representation of that of Gosau; but the faciesis the same. Its 
alliances with distant faunas are somewhat remarkable. Astrocenia 
decaphylla is very common in all the Upper-Greensand reefs, and 
the Southern-Indian and the West-Indian deposits of that age con- 
tain it. Stelloriais also represented in the Southern-Indian * rocks 
by a closely allied species, although those of the intermediate 
deposits of Gosau are only generally allied with the Haldon form. 
The Jsastrea I described some years since from Haldon is a multi- 
septate form akin to some from Gosau and to Isasirwa expansa of 
Stoliczka from Southern India. Finally the small Thamnastree of 
the distant deposits are closely allied to those of Haldon. 

Covered eventually by the chalk, this old littoral coral tract of this 
island must have sunk beneath the waves, and then the overcreep 
of the deep-sea ooze set in. But a deep limestone was not formed, 
and probably because the rate of subsidence was greater than the 
corresponding rate of upward coral-growth. 


DESCRIPTION OF PLATE VIII. 


. Baryhelia reticulata, sp. nov., calice and ceenenchyma, magnified. 
. Haldonia Vicaryi, sp. nov., calices, magnified. 

. The same, vertical section, showing septa and pali. 

Stelloria incrustans, sp. nov., part of surface, nat. size. 

. The same, magnified. 

. Thamnastrea Ramsayt, sp. noy., showing septa and colline, calices, 
magnified. 

. Actinacis stellulata, sp. nov., calices and interspace, magnified. 

. Actinacis insignis, sp. noy., calices, magnified. 

. Oroseris haldonensis, sp. noy., part of corallum, nat. size. 

. The same, calices, magnified. 

. Trochoseris constricta, sp. noy., nat. size. 

12. The same, part of calice and septa, magnified. 

13. Trochoseris Morrisi, sp. nov., nat. size. 

14. The same, calice, magnified. 

15. The same, synapticule, magnified. 

16. Heliopora cerulea, upper surface of corallum, natural size. 

17. The same, a calice, magnified. 

18. The same, tabulz, magnified. 
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* Ferd. Stoliczka, “Cret. Fauna of Southern India,” Pal. Indica, ser; 4, 
vol. iy. pl. viii. figs. 4 & 5. 
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Discussron. 


Rey. J. F. Braxe asked whether any Upper Greensand species 
was regarded by Prof. Duncan as continuous; and whether there 
were not communications between the smaller and larger zooid 
tubes in the recent Heliopora. 

The Cuarrman said that the age of the Haldon beds had to be 
decided very much by the coral fauna, as there were few greater 
stratigraphical unconformities in the British Isles. It was difficult, 
from the silicified character of the rock, to make out some of the 
characters of the corals. As regards the molluscan fauna, these 
beds have about equal claims to be called Neocomian, Gault, and 
Upper Greensand. ‘he evidence of the corals, therefore, was of 
great value; they seemed to show a deeper-sea condition than did 
the Mollusca. Nothing at Lyme Regis or along the south coast 
paralleled the Haldon deposits; they appeared to be on a higher 
horizon than the Gault beds of Black Ven. Hence the paper was 
of great value and importance, and of peculiar interest, for the cor- 
relation which it suggested with other European areas. It was a 
worthy addition to the work which the author had previously done 
in the publications of the Palzeontographical Society. 

Prof. Duncan said that he did regard the species as continuous, 
and gaye examples of continuous species, and stated that the struc- 
ture of the hard parts resembled that of the recent specimens. 
Species might have migrated from localities-which became unfavour- 
able to those which were more favourable, as subsidence and up- 
heayval progressively took place in different localities. 


Q.J.G.8. No. 137. H 
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8. GuactaL Pertops. By J. F. Campsztt, Esq., F.G.8. 
(Read June 20, 1877.) 


I. Introductory. 


1. I first saw a glacier in the Alps in August 1841, when travel- 
ling was more difficult than it isnow. The term “ Glacial Period” 
is not much older, and now is commonly used as if it were a proved 
historical event. Advanced glacialists speculate on the geological 
effects of an “ Ice-cap” which extended from the North Pole to the 
Equator, which nearly filled the bed of the ocean, which surrounded 
Britain with a wall of ice and a freshwater moat, blocked up the 
drainage of continents, extinguished life on earth, or left only a few 
survivors in hollows nearly dried up by the evaporation of oceans 
needed to make the polar snow-heaps from which the “ Ice-caps” 
spread over the earth during the “ Glacial Period.” Astronomical 
causes (changes in the sun, in the paths of planets, and in their axes 
of rotation) have been summoned to account for the climate imagined. 
All these theories rest upon some observed facts. Since more facts 
have been collected, the majority of observers, field-geologists, and 
travellers have given up the “Ice-cap ;” but many geologists, and the 
public in general, still continue to use the term ‘“ Glacial Period ” 
without limitation. It has long appeared to me that our Society 
ought to have an opinion on this branch of superficial geology. In 
order to start a debate on the subject, I venture to offer this paper 
to the Society, and to state my opinion. My opinion is, that no geo- 
logical record eaists of any abnormal “ Glacial Perwod” colder than 
the present world’s climate. But if the term “ Glacial Period” be 
used with a limitation such as “local,” or “ Alpine,” or “ Huropean,” _ 
LI have nothing to object. 

2. I will shortly state how that opinion was formed, so that the 
worth of it may be estimated by those who differ from it. 3. Since 
1836 I have travelled a long way, and I have sketched a great deal, 
striving to copy on paper landscapes which were pictured in my eyes 
so as to aid memory of form. Ever since I first saw glaciers and 
their marks, I have studied glaciation wherever I have been. 4. In. 
1865 the results of observations made in Europe, in Iceland, and in 
America were published in ‘ Frost and Fire,’ vol. ii. 5. Im the 
same year observations made on the coasts of Labrador and New- 
foundland, in Canada, and in the United States were published in 
‘A short American Tramp,’ 1 vol. 6. In May 1873 a paper pub- 
lished in the ‘ Quarterly Journal of the Geological Soviety of London,’ 
on the Glaciation of Ireland, stated facts, opinions based on them, 
and problems. I had hunted ice-marks from Cape Clear to Edin- 
burgh. 7. In November 1873 a paper in the same Journal, on the 
Glacial Phenomena of the Hebrides, stated facts recently gathered, 
and difficulties in accounting forthem. 8. In November 1874 a third 
paper in the same Journal, “ About Polar Glaciation,” gave the results 
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of a journey round the North Cape, through Archangel and Astra- 
khan and the Caucasus, and round the south of Europe. In 1873 I 
followed the tracks of polar ice from the Arctic basin southwards till 
I lost the track in Russia. 9. In March 1876, a paper about the 
Period of Polar Glaciation was published in my ‘ Circular Notes,’ 
2 vols. It stated an opinion founded upon much study and obser- 
vation during thirty-five years after seeking for marks of polar 
glaciation round the world. In July 1874 I set out with this pro- 
position, “ Jf an Ice-cap ever existed, marks of it ought to be found on 
all meridians ;” upon facts observed in a year I founded an opinion 
in July 1875 and published it. 10. In July 1876, a paper about 
firths, dales, lakes, and caions was published in ‘ Nature” 11. In 
September 1876 wishing to test these, my opinions, in the Hima- 
layas, I started for India. After hunting over a country selected 
by myself with the counsel of Mr. H. B. Medlicott, in charge of the 
Indian Geological Survey, I wrote letters which were published by 
the Asiatic Society of Bengal. 12. The following paper contains 
opinions based chiefly on my own observations and facts, and on 
studies since I left school, after spending nearly six months in India 
and some weeks in Lombardy, and after crossing about 180° of lon- 
gitude on the journey out and home. 13. For some of the observed 
facts on which my opinion is based, I beg to refer to the publications 
above mentioned and to this paper. I have a great many rubbings 
taken from glaciated rock-surfaces to show the directions in which 
ice moved, and many other records of observations on a collection of 
maps, in manuscript journals, and stored otherwise. I write this to 
give grounds for stating the opinion of an amateur upon a large geo-~ 
logical question, which must be answered by facts. 


Il. Introductory. 


14. I may say in a few words what my facts seem to teach. I 
have learned to think of this world as a very little place. It is re- 
presented in the Museum of Practical Geology by a grain of small 
shot distant some yards from a 12-inch shell, with grains of snipe- 
dust and larger numbers to represent moons, planets, and a solar 
system on a comprehensible scale of distance and size. I have 
crossed the Arctic circle fourteen times, the tropic of Cancer four 
times, the equator twice, 360° of longitude in travelling round 
the world, and in 1876-77 a quarter of a circle of longitude thrice, 
I have shaken off childish ideas of vastness and unattainable dis- 
tances which hamper geological thought. I have learned to think 
of dimensions to scale; of geography as it is taught on a school globe, 
not as distorted in Mercator’s ‘ Projection ;’? of the world as a 
heated ball moving in space, which space, according to astronomers, 
is cold enough to keep water solid, but a ball so warmed from 
without by the sun’s rays as to keep water generally between 
90° and freezing, between evaporation, condensation, and solidity, 
as steam, vapour, water, and ice. The materials of which the world 
is made are governed by laws which apply to them in all quantities, 
small and great. Gases, vapours, and fluids vary in weight and 
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density according to temperature, and they are kept in motion out- 
side of the world’s solid surface chiefly by the sun’s rays. That 
power works the engine which carves the world’s surface. Most 
solids float in their fluids; ice floats in water ; cooled lava floats in 
melted lava. The world is hot enough within to vaporize water, 
and to fuse the solids of which the outer crust is made. Steam 
escapes from hot springs, and lava wells up through rents in all 
known latitudes. I believe now that the world was fluid, like 
a grain of shot; that it cooled first outside as shot cools, and that 
it is still cooling in cold space and shrinking as it cools, so that the 
skin of it wrinkles. I hold that felded strata result from the lateral 
crushing of a heavy outer crust which surrounds a shrinking hot 
interior, and that earthquakes and changes of level and volcanic out- 
bursts also result from the cooling of the world in cold space and 
from consequent shrinkage. That is induction and a question for 
argument. It is a question of fact to be solved by observation of 
facts, whether there is or is not upon the surface a record of any 
‘ period,” or “ periods,” during which the world’s outer solid or fluid 
surface was hotter or colder than it is now, and whether the quan- 
tities of vapour, water, and ice were respectively greater or less. 
That is a question of geological periods which can be settled by 
gathering facts in superficial and in deeper geology ; and this paper 
is intended to treat ‘‘ Glacial Periods” as doubtful matters of fact 
in the science. 15. Fresh and worn surfaces are as characteristic as 
any other form. Botanists, conchologists, anatomists, mineralogists, 
and geologists try to distinguish plants, shells, bones, crystals, and 
beds of rock by their shape at sight. All my life I have been striving 
to learn to recognize fresh, fused, or fractured surfaces, and surfaces 
worn by water, by ice, or otherwise, so as to distinguish them at 
sight. At first mountains seemed only bigger hills, and so they 
appear to many observers; but in fact Etna differs from the. Alps 
as much as a growing palm-tree differs from a lot of bent, cross- 
grained, gnarled, worn, warped, tarred oak-planks in the bottom of 
an old, broken, klinker-built boat, keel upwards on a sand bank in a 
snowstorm. ‘lo my eye now Etna isa volcano at sight. Stones dif- 
ferently worn are as characteristic as fossil shells are to a paleeonto- 
logist. After learning my lesson for forty years, I think that I am 
now able to distinguish a volcanic from a glaciated country at sight, 
and to be pretty nearly sure of a surface which retains marks of frac- 
ture or fusion, or of erosion by water, or by ice, when I can examine 
it closely. 

16. Rivers flow from their condensing sources. Ice-action begins 
at colder spots. Shasta bute, in California, is a recent volcanic cone 
like Etna, with a small glacier near the top. Ice-action began 
there when the hot cone had grown high enough and cooled enough 
to condense enough of snow. tna has not yet reached that cooling 
stage, though it condenses snow in abundance. Sneefell, in Iceland, 
is coated with ice. Round Shasta and Sneefell the distance to which 
ice has reached is shown by worn surfaces, and the fact can be as- 
certained by walking round the volcanic cones. The Alps became a 
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range of mountains by the crumpling-up of sedimentary beds. By 
seeking for worn glaciated surfaces, and for angular and scratched 
stones, transported. by ice, it has been ascertained with tolerable 
certainty how far ice travelled from the Alpine snowshed after 
the Alps had grown high enough to condense enough of snow to make 
glaciers. It took many able men many long years to map these 
glacial records of one Kuropean chain of hills. As with volcanic 
cones and mountain-chains, so it is with the globe. The record can 
be read by going round the point from which the radiating polar ice 
now floats toward the equator to known limits. By seeking gla- 
ciated rock-surfaces and glaciated stones all round the world, it may 
be ascertained how far polar ice has reached. But it will take more 
men and a longer time to map even this branch of superficial geo- 
logy. I have tried to do as much as I could systematically. 

17. Before going to India in September 1876, I had seen for myself 
that the shape of a glaciated country differs conspicuously from the 
shape of a country where fluid water, falling, flowing, or stagnant, 
in showers, streams, lakes, or in the sea, has been the chief wearing 
engine. Where “lakes” and “ firths” are conspicuous geographi- 
cal features, I have always seen rounded tops and wide hollows of 
curved section, ~ ~. Curved outlines are conspicuous features in 
every landscape in Scandinavia, in Scotland, in Finland, in the Alps, 
and in parts of North America. On the map and at siyht these are 
glaciated countries. On closer examination I have found glaciated 
rock-surfaces and scratched stones, and all marks characteristic of 
glacial erosion. Where I could find few marks of glacial action, or 
none at all, after careful search, as in California and in Japan, 
Ceylon, and Java, and on recent volcanic cones, straight lines and 
angles are marked features in every landscape (y A), and there 
lakes and firths are exceedingly rare. Maps by form suggest a 
probability ; the first sight of a country increases that-probability ; 
a careful search on a few chosen spots is enough to ground an opinion 
as to the fact of “glacial action ” or “‘ pluvial erosion” in a given 
region. The.lesson learned in travelling with a purpose was an 
alphabet of “‘ form ” by which to read a record of the action of various 
engines which have covered the world’s surface. Al] sedimentary 
geology is based upon the erosion of that surface. That was my 
lesson. Having learned it, | wanted to read the record carved on 
the Himalayas, to see India, and to test my own opinions about 
glacial periods there. So I took stock of knowledge previously 
gathered, and started. 

18. As appears in the papers referred to for facts, I had gradually 
advanced from Swiss glaciers and their old marks to ‘ Potar Gua- 
CIATION,” which does, in fact, extend from the North Cape of Europe 
down to Cape Clear, from Archangel down to Nijni Novgorod, and 
down to the neighbourhood of St. Louis on the Mississippi, in America. 
Having ascertained the fact of “ Polar Glaciation,” I had to consider 
the possibility of continental icc-shects and of polar ice-caps. Ac- 
cording to theories still supported by many able geologists, solid 
glaciers have covered continents; solid ice has extended from the 
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poles, nearly, if not quite, to the equator, on all meridians, like the 
shell of an egg, during successive “‘ glacial periods.” I found that I 
had, in fact, to account for some marks of polar glaciation extend- 
ing 58° from the pole in one direction. After going round Europe 
in 1873, and afterwards round the world in 1874-75, seeking marks 
of polar ice everywhere, it seemed to me that records of northern 
polar glaciation are chiefly marine and confined to the Atlantic 
basin. But I had seen cause to alter opinion so often that [ wished 
to test this conclusion in India. By climbing mountains, and by 
looking up to inaccessible peaks, I had realized the fact that an at- 
mospheric glacial climate does, in fact, surround the earth, like the 
shell of an egg, and may touch it in any latitude. By sailing about 
the ocean I realized that one cold local marine polar climate reaches 
lat. 37° at the surface; and I had learned that cold frosty climates 
underlie tropical heat in the depths of the sea, because cold water 
is heavier than hot water, till near the freezing-point*. Cold on 
the world’s surface on which we live and travel is distributed accord- 
ing to latitude. But cold is also distributed according to altitude 
in the air and to depth in the sea; and it is distributed locally at 
the sea-level by the circulation of air and sea. Dove’s isotherms 
do not coincide with circles of latitude. It seemed to me that old 
local cold climates, like those which now exist in low latitudes, 
suffice to account for all the records of glaciation that I had read 
before going to read Indian records. ‘The proved bending of the 
earth’s crust explains the transfer of a cold condensing area from 
one spot on the world to another; for the crust may have touched 
the shells of cold which are above the normal sea-level in the air, 
and below it in the deep sea, by bending upwards or downwards. 
By bending, the solid crust must have repeatedly changed the course 
of circulation in air and sea so as to change the climate at different 
places in the same latitude, at least as much as any difference that 
now exists. 

19. Any abnormal local cold climate suffices to account for any 
old record of equal cold in a like latitude after it has been proved 
that the distance between the earth’s centre and outer solid shell 
has varied locally. That is proved by marine fossils. Existing 
local cold climate about the South Pole may account for local records 
of cold in like latitudes in the northern hemisphere, because it has 
been proved by fossils that the relative position of sea and land has 
frequently changed. For example, about lat. 65° S. sea-coasts which 
now are scarcely accessible because of heavy ice may account for 
great mounds of washed glacial drift which I have seen about lat. 65° 
N.in Finland and in Northern Russia, where also recent sea-shells 
prove a recent rise in land which now is part of Northern Kurope 
and was part of a sea-bottom. Terraced countries (like Northern 
Kurope, and like hills on the Western Caspian shore along the base 
of the Caucasus), recent shells, and other marks indicate a general 
submergence of the plains of Europe. I think that submergence is 


: ; Details are given in a paper by Mr. Prestwich, which travelled with me to 
ndia. 
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sufficient to account for the colder Alpine and Scandinavian climate 
which is recorded in Kurope, and which now belongs to the Arctic 
current of the Atlantic and to countries near it—to Greenland, to 
Labrador, to Newfoundland, and to the coasts of North America. 

About lat. 45°S., glaciers in New Zealand, considered with 
shells found under moraines in Northern Italy, and with the effect 
produced on climate by the Arctic, current of the Atlantic, may 
account for marks of glaciers found near Cannes in the South of 
France by Mr. Moggridge and for the large old glaciers of Northern 
Italy. 

ae lat. 40° N. small Caucasian glaciers account for marks of 
glaciers found in America, or for any which may be found in Asia 
or elsewhere about the same latitude. 

About lat. 37° N. ice now drifting in the Atlantic may account 
for the transport of northern drift southward, over plains, to St Louis 
in America, or into the plains of Africa. If these African plains 
where recent shells are found, when last submerged, were in the 
course of a cold polar current which passed near hills on which gla- 
ciers grew, and were within reach of drifting ice, then any record 
of cold is explained by a local marine cold climate near the same 
latitude in the southern hemisphere. 

About lat. 36° 8S. enormous masses of drifting ice now are distri- 
buting southern drift of glacial origin in some parts of the southern 
hemisphere which are now submerged, and which are in the conrse 
of cold drift. In other submerged southern regions, about lat. 36°S., 
no icebergs have been found. Modern marine drift is local north 
and south of the equator. That modern local marine southern drift 
in lat. 36° 8S. may account for old local northern drift from the pole 
to lat. 36° N., if it appears otherwise that the northern region was 
sunk during its cold period, as the southern region nowis. It does 
so appear in many parts of the northern world, notably in Europe. 
Recent sea-shells and old northern drift, present submergence, and 
local cold climate coincide in latitude down to lat. 36° N. 

From about 37° N. to 27° N. glaciers abound in the Himalayas. 
Many of them are on or near rocks which were formed at the bottom 
of a sea where Ammonites and other sea-creatures died. ‘The crust, 
in folding, probably sank as much as it rose. Anywhere within 27° 
of the equator an old record of cold may be explained by the glaciers 
of India and by existing local cold climates elsewhere in the world 
north or south between 27° and 90°. That was, and now is, my 
theory based upon observed facts. 

Within 8° of the line Livingstone found marks near Lake Tan- 
ganyika, in Southern Africa, which he attributed to African glaciers. 
Mr. Belt* found marks in Nicaragua which he also attributed to 
glacial action. I have seen marks in Ceylon which are like glacial 
marks. Agassiz found marks of a glacier which filled the valley 
of the Amazon, upon which marks he built his famous theory of 


* This very able observer was lost to science in 1878; I have to regret a 
friend and an adversary in glacial arguments, who was always fair and 
honest, 
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ice-caps. Wishing to judge for myself, I found no glacial record in 
Ceylon. Ihave not been to Nicaragua, or to the Amazon, or to 
Central Africa. But given a region of great condensation and sufii- 
cient altitude within the influence of a cold stream of air or of water 
in any latitude, then that which is a fact in Nepal may explain any 
local record of glaciation near the same latitude, in Africa, or in 
Nicaragua, or in South America, or anywhere near the line. In 
fact, Kilimandjaro and Mount Kenia, close to the equator in Africa, 
are capped with snow. One is an active volcano liable to grow 
higher or sink lower during eruptions. So glaciers may haye existed 
there at the equator. It is a question of fact. 

As sea-water under the line now is colder than 32° F. at the sea- 
bottom, land under the line now raised, which was at the bottom of 
the sea, may bear record of a cold submarine climate without tra- 
velling out of the world’s geological records into astronomy. But I 
needed more facts and more records, so I went to India to seek them. 
It seemed to me, in September 1876, that cold local climates which 
resulted of old from changes like those which have certainly oc- 
curred suffice to explain the ice-record which I have learned to read 
and have tried to translate. Drifting ice now floats towards the 
equator as far as any “erratic ” that I had seen; glaciers now exist 
nearer to the equator than any old glacier-mark that I had been 
able to find for myself before I set out. 

20. That was the state of my facts, and my theory based upon 
them, a theory which I was prepared to abandon and wished to test. 
On these facts, and on this method of reasoning from my facts, I had 
framed these propositions :— 

(a) “If the “ice-cap” ever came down from the north pole to the 
equator, it must have come down from Central Asia upon India.” 

(b) “Sf a late glacial period has in fact left a record in Europe 
and America and in Asia, wt ought to be legible in India. Glacier- 
marks ought to found on the hills far beyond the present limits of 
glaciers. Hrratics carried on rce-rafts afloat on rivers or lakes, or in 
the sea, ought to be found south of lat. 37° in plains.” 

(c) “Lf the glacal period was general and recent, existing glaciers 
must have been larger everywhere, in something like the same proportion, 
in the Alps, in Northern India, and elsewhere in the northern hemi- 
sphere.” 

To see for myself whether I could or could not discover a glacial 
record to confute or confirm my own opinion, I intended to be one 
of my studies when I started for India in September 1876. I wished, 
above all, to see the country about the sources of the chief rivers, 
Siccim, and the highest mountains in the world. 

The following are the results obtained in India in 1875-76, and 
opinions based on observations made since 1840, along the routes 
which I have marked roughly ona globe. The value of this opinion 
must be judged by the Society to which I have the honour to belong, 
if they are pleased to accept this paper. 
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Summary. 


The general result of sections III., IV., V. is that Indian glaciers 
are near about as large as they have been since the deposition of 
the crumpled Tertiary beds which are called ‘“‘ Nahuns” and “ Shi- 
valiks.” “The glacial period” is dated ‘‘ Postpliocene.” The 
Indian ground traversed extends from Ceylon to Kangra, near 
lat. 52° N., and includes Lower Himalayan slopes between the river 
Ravee, lat. 32° N., and Darjeeling in lat. 27° 28! near long. 90° E. 

The result of section V. is the same for the Caucasus, about 40° N., 
and for the Rocky Mountains, about lat. 36° to 37°. About lat. 45°— 
46° in Northern Italy glaciers certainly were a great deal larger in 
Postpliocene times. ‘There is reason to believe that glaciers existed 
as far south as Calabria, near lat. 30°, in ‘‘ Miocene” times; that 
is, about the latitude of Simla and Hirdwar. The general conclu- 
sion 1s in section VI., and the result of the whole paper is in the 
first paragraph and in the last. The facts are in sections III. to 
VI.; and to them I beg to refer readers who wish to test my con- 
clusions. 

Ill. India. 


21. 5° to 18° N. lat. Iwill give my observations in geographical 
order, working northwards from the torrid zone to ice, crossing the 
track of the “ ice-cap” eastwards and westwards. 

In May 1875 I travelled to Ceylon, and went to the highest point 
in the island, 8526 feet above the sea, at Pedro Tullagulla. Frosts 
occur in winter at hill-stations there, and the climate is cool. I 
could find no mark of glacial action between 5° and 10° north lati- 
tude. ‘That which I observed in Ceylon is described in the paper 
numbered (9). The rock is chiefly gneiss. I found all marks 
of weathering and of “ pluvial erosion,’ and some forms in gneiss 
like “roches moutonnées” with “ perched blocks” of gneiss on 
them. These result from weathering in se¢u and from the structure 
of gneiss. 

22. In February 1877 I went from Madras by rail to the Nil- 
ehiri hills. The plains where I saw them are on gneiss, with low 
hills of gneiss rising like islands in the plains. Their outlines are 
hollow curves ~ like the sides of a tent, and their shapes result 
from the wearing of rains. The western Ghats have long spurs, of 
like outline, extending like promontories and chains of islands east- 
ward into the plains. They extend chiefly on the strike of the 
eneiss. Seen end on, these hills are topped by spires, of which some 
overhang the base on the dip. Seen sideways, these spires appear 
as long undulating ridges. They are the edges of harder beds in 
weathered gneiss. I went up to Coonoor, and to Ootacomund, and 
to the top of Dodopetta, 8760 feet above the sea and the highest 
point in Southern India. Frosts occur in these hill-regions, and the 
climate is cool within 11° of the line. The hills which I saw are 
eneiss, and their highest points and ridges are the hardest beds 
washed bare by the rains. Seen from above, outlines are hollow 
curves ~, not rounded ~~, as they are in glaciated countries. 
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All exposed rock-surfaces are discoloured and partially decomposed 
to a considerable depth by the action of frost, heat, rain, and air. 
These weathered surfaces are scaling off and crumbling. The hill- 
sides are strewed with large blocks of gneiss, which are weathering, 
scaling, and crumbling, like the solid rocks, in situ, where they fell, 
or rolled, or were slowly weathered out of softer rock. The scales, 
which weather off and crumble, decompose till crystals of felspar, 
quartz, and mica, &c. separate and break up. The felspar turns to 
kaolin, the quartz to sand, the colouring-matter of mica, hornblende, 
&e. turns to rust. Rains sort and pack these decomposed minerals, 
wash them down hill, and bury gneiss blocks in sheets of kaolin, in 
sheets of gravel, in coloured clays, and in “‘laterite.” The mate- 
rials of the decomposed gneiss, packed in sheets on the hill-sides, 
cover the slopes. ‘The result is that some of the higher grounds are 
like glacial work. As in Ceylon, I am satisfied that these hill forms 
are due to weathering wm situ. The lower slopes, where rains have 
space to gather into larger streams, are deeply furrowed by long V- 
shaped gorges, in whose steep sides the structure of the gneiss is well 
seen. These greater furrows clearly are records of “ pluvial erosion.” 
At Newera Ellya, in Ceylon, and at Ootacomund in the Nilghiris, 
artificial lakes have been made by building walls across water-fur- 
rows. ‘The plan of a lake so made is very different from that of a 
mountain-tarn in a glaciated country. The water-line is angular, 
not curved. I could find nothing glacial between Madras and the 
highest point in Southern India which is within sight of the western 
sea. Two experts well acquainted with the country, the Curator of 
the Madras Museum and the officer who engineered most of the hill- 
roads, confirmed my opinion. No marks of glacial action in this 
region are known to them. J heard much of glacial action in the 
country. I could find none; butI can understand mistaking “late- 
rite” for “‘ boulder-clay,” and some weathered surfaces for ‘“ roches 
moutonnées.” 

23. On the 8th, 9th, and 10th of March, 1877, I crossed from 
Madras to Bombay. The Madras side is a plam. Where the 
hills begin, steep slopes are furrowed by rains and streams. The 
structure of the rock was clearly seen in conical hills and in long 
ridges. JI took the rock to be gneiss. ‘The upper plateau is an un- 
dulating country with isolated hills of granite in all stages of wea- 
thering. The last stage is a cairn, or ridge of loose stones, or, where 
these have been crumbled to dust, a low dome or boss of granite. 
At first sight many of these forms are like glacial work; but after 
passing many it isclearly seen that the work is “ weathering in situ.” 
The dome shape is the structure of the rock. The surface is not 
worn by the grinding of ice ; for it often passes beneath upper layers 
in all stages of weathering, from cracked surfaces to isolated stones. 
The isolated stones are not “‘erratics”; they are but remnants of an 
upper layer weathered away by rains. About midway between the 
coasts, near the branch railway to Hyderabad, trap is reached, and 
the form of the country changes. The Ghat on the west side gives 
a section of about 2000 feet of beds of trap. Above and below the 
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edge of the plateau are all the forms which are commonly produced 
by the weathering of trap,—“ stairs” (trappa), cones, pyramids, 
cubical masses, spires, peaks, jagged sierras, and such like, and 
through them all run the horizontal layers of this great outpouring 
of igneous rock. The granite country is like the Sierra Nevada 
above the plains of California. The trap country is hke the Cascade 
range in Oregon, without the voleanic cones; it is like parts of Ice- 
land, the Faroe Islands, the north of Skye, the Isle of Mull, and 
part of Ireland, where igneous rocks have weathered. I saw no 
marks of glacial action between Madras and Bombay. I saw clear 
records of long-continued pluvial denudation, the work of an engine 
which acts vertically and wears down hills, and spreads their ruins 
on plains and plateaux. The edges of the Indian plateau are 
furrowed by streams and worn into shapes which depend in some 
degree upon the structure of the material which is carved. 

Up to lat. 18° I saw nothing to indicate glacial action in the shape 
of the surface of India. The strange forms of weathered granite in 
the country have been explained by alegend. When Sita, the wife 
of Rama, was carried off to Ceylon, a bridge was needed by the 
armies of Rama. His allies, the monkeys, fetched stones from the 
Himalayas and built Adam’s bridge. ‘The ruins are in Palk’s Strait, 
Piles of spare materials were left about Hyderabad in cairns and 
ridges. I have often heard these same mounds attributed to glacial 
action ; but Indian geologists generally attribute them to weathering 
in situ, as I do. 

24. About lat. 17° 20' to 19° 53’ N., not far from N&gpir, in 
Central India, a deposit of the age of Indian coal or “ bottom Ter- 
tiary ” has been discovered and named ‘“ the Talchir Boulder Forma- 
tion.” Mr. Fedden, of the Geological Survey, has described this 
deposit. He attributes it to the action of “ ground-ice” moving 
from 8.W. northwards. 

Lat. 36° 8. is the present limit of floating ice. 54° 8. and 19°N. 
make 73° from that limit to the Talchir deposit, which is a long 
way. The nearest glacier northwards, 33° N., is distant, say, 
14°. Between 36° S. and 33° N. I know of nothing else that looks 
so like glacial work on this meridian. Other beds in this series, 
provisionally dated “‘ Lower Triassic,” have all marks of deposition 
in water. Samples of scratched stonesin the Calcutta Museum, and 
the paper of Mr. Fedden, argue that ice did in fact score rocks and 
move scored stones within the tropics about the time when climate 
there was fitted for the growth of tropical coal-plants. I did not 
travel to the Talchir deposits. J had not the pleasure of meeting 
Mr. Fedden. The boulders at Calcutta were first rolled and then 
rubbed on one side only, whereas moraine stones generally are 
scratched on all sides. I have seen surfaces in the walls of mines 
produced by frequent movements in the solid crust which are very 
like glacial polishing. In India especially landslips and earthquakes 
have to be considered in accounting for polishing and scoring. Some 
geologists ascribe all polished surfaces, which glacialists attribute to 
ice, to slips. Great disturbance in all this region is proved by 
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igneous rocks and by the dip of metamorphic gneiss. Since the 
caves of Elephanta were hewn out of trap, the level of the floor has 
changed; so that water poured on an idol flows in the opposite 
direction from that which the sculptors intended. Mr. Judd has 
shown that great voleanic cones once stood on spots which now are 
in “ the Hebrides.” Their age is proved by fragments of sedimentary 
rocks preserved in sheets of trap and basalt. Where trap rocks cover 
avast area to a great depth in India, it is possible that volcanic cones 
in proportion may have risen high enough to reach the cold climate 
which now breeds glaciers in lat. 27°-28° N., only 10° further north. 
That is one possible explanation for these old Talchir boulders which 
occurs to me. It has been found that water colder than the freezing- 
point of fresh water is at the bottom of the Indian Ocean now under 
the line and north of it. It has been supposed that this cold layer 
of sea-water is flowing northwards from the Antarctic ice, and dis- 
placing surface-water warmed to 80° or even 90° by the sun in the 
Indian Ocean. Surface-currents which flow southwards along the 
African coast prove marine circulation and a water supply equal to 
the waste. It is well known to fishermen and sealers that icebergs 
founder, and that ‘“‘ anchor-ice” grows at the bottom of the sea off 
Newfoundland and the Labrador. Though ice floats, it may be sunk 
by stones or anchored to them. It seems possible that an antarctic 
current of cold water moving northwards at the bottom of the sea 
may roll foundered icebergs, and move sheets of anchor-ice loaded 
with stones, even beneath warm tropical seas. It is possible, but 
very improbable, that sunken ice should travel 73°. Mr. Fedden 
sees nothing in the Talchir boulder-deposit to indicate the action 
of a continental ice-sheet or of a local glacier. He suggests the 
action of ground-ice in shallow water. But these supposed records 
of a cold climate coincide in position with tropical coal-plants. The 
two records do not agree if the events recorded are supposed to haye 
happened near the same sea-level. The case is a problem; but ex- 
isting conditions of climate that best agree with the record are the 
deep-sea cold of the Indian Ocean and the hot tropical climate at the 
surface and on shore. These give a difference vertically equal to the 
difference between the climates of Bombay and the North Cape of 
Europe at the sea-level, or between the existing climates of the 
plains of India and of hills near them which rise to the level of per- 
petual snow in Nepal. (Mr. Fedden’s paper and a rubbing taken 
from a boulder described in it accompanied this paper,with a moraine- 
stone from Ivrea, for contrast.) This exceptional find does not concern 
the recent “ glacial period” or superficial geology ; it belongs to the 
age of the Indian coal. If these boulders are in fact glaciated, they 
prove that the world’s cimate there was somehow cold enough for 
ice to exist within the tropics, while it was also hot enough at the 
same place for the growth of coal-plants—a very long time ago. 
Even a change in the position of the earth’s axis would not explain 
this double record of great heat and great cold. 

25. 18° to 31° N. lat. In the end of September 1876 I landed at 
Bombay and travelled by rail to Allahabad. The rocks seen were 
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chiefly trap. I was told by fellow travellers of marks of “ the ice 
period ” south of Bombay described by competent geologists ; I sup- 
pose that the Talchir boulder-formation was meant. I saw nothing 
like glacial work in this long cast eastwards to the junction of the 
Ganges and Jumna, about lat. 25° N. Ifthe ice-cap had passed that 
way, erratics of some northern kind ought to remain on the trap, 
and trap boulders ought to be found south of the trap on granite and 
gneiss. I saw none. 

26. The next cast westwards up to lat. 30° N., to Umballa, is all 
on river-deposits. I saw neither rock nor large stone. The whole 
land is sand and mud, which is moved by every shower and breeze. 

27. From Umballa I drove over the plains to Kalka at the base 
of the hills and sixty miles up hill to Simla, persuaded that I should 
find ice-marks near glaciers. The Himalayan region is a slope 
about 200 miles wide, between the upper plateau of Asia and the 
plains of India. On the scale of the Survey maps, four miles to the 
inch, the profile would be roughly expressed by a bank 13 inch high 
and 4 feet broad, sloping to nothing. Any school map shows that 
an ice-cap must have come down that slope if they both existed 
during a recent glacial period. I looked at every stone and heap 
of stones about the foot hills, expecting to find some glacial 
mark; I looked at every hill-top, expecting to find some remnant of 
a glacial record between the river-gorges. In the paper numbered (8) 
is an account of a like search made in the Caucasus in September 
1874, with like expectations and a like result, at about 10° 
further north. There a ridge of high mountains, about 800 miles 
long, crosses the track of the ice-cap east and west, and bears no re- 
cord of its passage southwards. I stayed at Simla for some time and 
found no sign of glacial action of any kind up to about 9000 feet. 
From places near Simla I saw hills within a circle of about 200 miles’ 
diameter. My plan was to carry a map and a compass to a hill-top, 
place the compass on my spot, and identify hills by their bearings 
with the aid of people who knew them. I saw great snow-slopes 
above known glaciers which lie at the sources of the Jumna and 
Ganges below higher grounds. Having learned local geography, the 
next step was to sketch the landscape and study form. I saw every- 
where on the ground traversed, and as far as I could see with a good 
elass in the clear air of these regions, the marks of great floods of 
rain which have furrowed the whole Himalayan slope. All the 
ridges which divide streams are sharp and steep, 4, as the ridge of 
a house; all the furrows are deep V-shaped, angular, steep gutters, 
like the gutter between two steep roofs, W. My landscapes were 
all angular. I could not discover one rounded hill or hollow, one 
“saddle” or “hog-back,” from Simla, or from places near it to 
which I could travel. The excellent maps of the Great Trigono- 
metrical Survey of India showed that some of the largest and deepest 
valleys in the region run eastward and westward towards opposite 
ends of the slope. I could see the border-land of Thibet and hills 
near the sources of the five chief rivers which drain these hills, the 
Brahmapootra, Indus, Sutlej, Ganges, and Jumna. The highest 
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ground visible is a jagged sierra of pyramidal angular points, amongst 
which are the glaciers. On the map the glaciers are like the fronds 
of a fern, and rest in furrows like snow in roofs, That view alone 
was enough to prove that the ice-cap had left no visible record of 
its passage from polar to equatorial regions on the Himalayan slope. 

But such is the hold of the term “‘ Glacial period” on general 
conversation, that I repeatedly heard of glacial marks where I found 
none when I sought them near Simla. 

28. From Simla I went back to the railroad, and eastward to 
Saharumpore, and thence over the plains and up the hills to Dehra, 
Mossurie, and Landour, to a spot which is 7511 feet above the sea, 
between the Ganges and Jumna. ‘Thence I got a second wide view, 
over the lower hills and river-basins, of snowy peaks and ridges 
which divide the Ganges and Jumna basins from the Sutlej gorge, 
which trends H.-W. Below their snow-slopes are glaciers of which I 
had photographs. The maps gave their positions and present dimen- 
sions, which are about as great as glaciers now are in the southern 
Alps. Eastward from Landour I clearly saw Nunda Devi, 27,669 feet 
high; and on a quarter of my horizon the peaks of Budrinath, 
Kidarnath, Gangutri, Jumnutri, Bunderpanch*, and others, which 
divide the Sutlej valley northwards from the Ganges and Jumna 
basins. I had seen many of these from near Simla, and I saw them 
better from Landour. The whole country visible within a circle of 
nearly 200 miles diameter is like the Simla country; it is deeply 
furrowed by rains. The highest ridges visible are sierras of extra- 
ordinary steepness and sharpness. Nunda Devi seems to be another 
H.W. ridge seen end on. It was like a steeple, or a high steep 
gable in a town with high-pitched roofs. It is a great mountain- 
range, with flat sides and clean fractures, too steep for snow to rest 
upon. The ice-cap must have passed over this H.—W. ridge, 
25,000 feet high, after crossing the Sutlej valley and another sierra 
about as high as Nunda Devi. The nearer and lower ridges are like 
it, on a smaller scale; they are scarcely wide enough on the top for 
a road, and they are furrowed on all their steep sides by ravines of 
all sizes. Furrows are furrowed till the smallest are like furrows 
in a ploughed field. The whole country visible has the same angular 
shape, and the pattern is the same whatever the size of it may be. 
A fern laid on paper may give some notion of a map of this region. 
All sections are angular. Manifestly there was no mark of an ice- 
cap in sight from Landour. 

29. The shape into which these rocks weather, as usual, seems to 
depend in some measure on their internal structure. At Simla and 
at Landour the rocks have a tendency to break in directions which 
make flat-sided pyramidal peaks and steep ridges. A glance at any 
good map shows clearly that running water has run down the slope 
as it runs down on pan-tiles, but that itis afterwards caught in long 
gutters, which run nearly parallel to the general trend of the North- 
western Himalayan range, or K.-W. ‘The same is true of the Cau- 


* Monkey’s tail. The hill is supposed to be like a monkey, a sort of repre- 
sentation of the monkey god, 
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casus: after the water has run down from the hills, it gathers into 
four chief streams, which run east and west along the base of the 
hills as a gutter does under the eaves of a steep roof. All that I 
have been able to learn about the geology of these two mountain- 
ranges shows that wearing by rains and rivers is guided by the 
slope, but it is modified in direction by the structure of the rock, 
which is carved accordingly. The Geological Survey of India is not 
completed ; but, so far as I am informed, the Himalayan ridges and 
furrows are carved out of beds which are much crumpled and faulted, 
and which include sedimentary fossiliferous rocks of many periods, 
recent and very old, from Tertiary rocks to Silurian shales. Recur- 
ring earthquake-waves may have something to do with the joints and 
cleavage and fracture of these rocks. 

The Work of Rivers.—I had no local maps; I could get none of 
the district at the office of the Great Trigonometrical Survey of India, 
which is at Dehra. I was there referred by the Directors to Cal- 
cutta. When I got unfinished maps there, the area drained at 
Hirdwar is roughly a figure bounded by a quarter of a circle, with 
aradius of about 80 miles. The edges of this ribbed saucer are 
‘“‘snowy peaks” and a zone more than 20,000 feet high. Glaciers 
are marked on the maps about the edge of this hollow. Most of 
them are on the north side, towards the Sutlej. 

It is the custom of surveyors in a mountain country to follow 
levels and to draw contour lines. Sheep-paths and goats’ tracks and 
bridle-paths are laid out on the same principle. A sea-coast is a 
“contour line,” and roads in the Himalayas wind about in search of 
a level to walk upon. A straight course would be a continual climb 
up or down. In the ‘ General Report on the Operations of the Great 
Trigonometrical Survey of India during 1874-75,’ at p. 46 (23), 
“ Kumaun and Garhwal Survey,” Mr. F. C. Ryall, the reporter, di- 
vides his district into zones or belts, which are, as I suppose, tracts 
of country between “‘ contour lines.” These “ belts” surround the 
headwaters of the Ganges and neighbouring basins towards Nepal. 
The watershed which I saw, and sketched from a distance, is a sierra 
of peaks, comparable to the Lofoten Isles in Norway for sharpness. 
Beyond that ridge is the Sutle], flowing westward over high undu- 
lating ground, on a steppe which has been seen by the surveyors. 
The river plunges suddenly down from the frontier. One of the 
surveyors, Mr. Pocock, got to a height of 22,040 feet; another 
spoke of a friend who had reached to 24,000 feet. These exalted 
persons saw a great deal of the world with practised eyes, and I re- 
spect them and their information greatly. 

§ 1. The first zone on the Indian side of the watershed is about 15 
miles wide. The ground there undulates, as it does in Thibet. The 
land is utterly barren, very cold, and glacial. In that mountain 
region river-basins and minor ridges average from 14,000 to 
20,000 feet above the sea-level. In all mountain countries known 
to me there is a region of “high Alpine valleys” near the water- 
shed, in which water flows slowly, on gradual slopes. Contour lines 
drawn at regular intervals of altitude are wide apart. These are 
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about the base of grounds on which contour lines are close together, 
and take the shape of irregular closed figures about peaks. 

$2. The next ‘‘ belt ” below 14,000 feet is from 10 to 17 miles wide. 
In it are ‘“‘ needles,” of which Nunda Devi is 25,669 feet high ; and 
there are very narrow deep valleys. Of one gorge the reporter 
says :—‘‘ The steepness of the gorge may be conceived when it is 
understood that the direct horizontal distance from Hasaling snowy 
peak to the Gori River is rather less than 1? mile, and that it towers 
14,000 feet above it.” That gives a base of 9160 feet, and a ver- 
tical side of 14,000 feet, which sides give a steep third side to the 
triangle. My sketches from Landour give some distant idea of these 
hill-sides. In all mountain countries streams that have cut “‘canons ” 
flow in hollows of this kind, which are deep, or long, or short in pro- 
portion to their age. They are valleys of erosion, and end above at a 
waterfall in general. 

§ 3. Zone the third is described as a region of “ spurs,” 6 to 7 miles 
wide, at an average height of 12,000 feet. By this I suppose that 
Mr. Ryall means the land left between the canons in zone the 
second. 

In these three zones, between 25,000 and 12,000 feet, the sur- 
veyors are called “ a snow party,” and glaciers are mentioned inci- 
dentally as difficulties walked over. Alpine climbers will recognize 
in this description the steep ground about the sources of European 
rivers in the Alps, where glaciers are at work now. 

§ 4, The next region is about 50 miles wide, at an average height 
of 7000 feet. It is ‘much waterworn;” that is to say, a wide slope 
is very deeply furrowed by branches of the larger and longer rivers, 
which come from the watersheds through belts which are measured 
by about 38 horizontal miles and 18,000 vertical feet. I measured 
slopes near Simla which make an angle of near about 70°; 45° and 
30° are usual slopes. At Darjeeling the valley is 6000 feet deep, and 
the base of one side is about 4 miles. Surveyor’s levels cross furrows 
by flashing rays at an average of 7000 feet above the sea. The tops 
suit Huropean constitutions, so they dwell in this “ belt.” 

§ 5. The last “zone” is the “Shivalik zone,” with an average 
breadth of 8 miles and a height of 4000 feet. 

The plain region begins at about 1000 feet, and extends some 
thousands of miles to the Ganges delta. Within three “ belts,” 
38 miles wide, are glaciers. In the remaining lower belts, 58 miles 
broad, ought to be old glacier-marks, if the country ever was like 
Lombardy during a general Glacial period. On similar ground I 
found only marks of pluvial erosion. My distant conclusions corre- 
spond to the work of those young athletes who risked their lives in 
climbing, and were nearly starved, though Government servants, 
equipped with camps, and clothed with the majesty of the British 
Raj. 

It is the custom of Anglo-Indians who go to Simla for health to 
make expeditions into “the interior.” They travel on roads con- 
structed by engineers which follow ridges between streams, and fol- 
low the Sutlej valley where the higher ridge is furrowed by branch 
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streams in the upper zones. The roads go for passes, and the rivers 
do the same. I conversed with many travellers who had explored 
this road. I could not explore it myself; for the way was blocked 
by the Viceregal train. Miss Gordon Cumming has described this 
route up to Chini, near the frontier of Thibet, with the pen and 
pencil of a clever artist, in her book called ‘ From the Hebrides to 
the Himalayas ’ (London 1876). The author of ‘The Abode of Snow’ 
also describes this route. Every river that flows from a high source, 
and every rill that flows on a slope, at some part of its course, has a 
zone of waterfalls. The water there is digging with all its power. 
The steppe from which it falls is gradually worn away. Steps and 
falls grow higher, and recede up stream, till walls of an amphitheatre 
are nearly reached. Scotchmen call it a corrie, Welshmen a comb. 
As the falls retire, the length of the watercourse above them de- 
creases, and the quantity of water and its power of digging. The 
whole process can be watched between tides on asandy beach. The 
“waterfall zone” in the Himalayas is close up to the watershed, 
from which I gather that the watercourses are very old. The water- 
falls at Simla are close to the watershed at the sources of small 
branches of two systems of streams. One flows to the Bay of Ben- 
gal, the other to the Indian Ocean. The waterfall zone of the 
Sutlej, “ the corrie,” is many marches up close to Thibet. So it is 
in the Ganges basin, and so it is in Siccim and in Bhotan. Where 
glaciers end thereabouts streams fall suddenly down into “ corries” 
like the Yosemite valley, on a grander scale *, 

30. Hirdwar.— After waiting for some days, sketching and 
watching the marvellous landscape from Landour, I went down to 
Dehra, and through the Dun to Hirdwar. That is a sacred place, 
where the Ganges leaves the hills. At the sources of the Ganges 
are glaciers, and peaks above them on the edge of the basin are 
visible from Hirdwar. I have sketches of them. If these glaciers 
ever extended far during a Glacial period, some marks ought to be 
found about the place where a river as big as the chief river of Lom- 
bardy at its greatest size escapes from the great basin, whose jagged 
edges and steep sides I had seen from Landour, where frosts and deep 
snows occur frequently. In a like position in Italy, near Turin, are 
ramparts of glacial debris, which are hills higher than hills at Hird- 
war. Ihad seen them from the railway on the way out. I have 
read of them, and I went to look at them on my return. I had seen 
the shape of the dales above the great lakes of the Alps, up to the 
watershed, in 1841. Hirdwar is 1124 feet above the sea. The 
edge of the basin is nearly 20,000 feet higher, and the area is large 
and comparable to the area of the Val d’ Aosta, on the Lago Mag- 
giore. A Glacial period would lower the snow-line everywhere, 
and lengthen all glaciers, and might fill the Ganges basin with ice, 
because a local cold climate filled the Alpine dales. I stayed at 
Hirdwar for several days, and could find no sign of glacial action 


* This account of the Lower Himalayan slopes towards the east coincides 
with that of the country in which the war is now going on, according to trayel- 
lers who have described that region.—January 11, 1879. 
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whatsoever. I heard a great deal about ‘‘marks of the Glacial 
period” in the Ganges basin from travellers after I left the country. 
In the jungles and in this vast country may be many things that I 
did not find. 

31. I rode to Roorkee along the banks of the new Ganges canal. 
In digging it great masses of stuff have been raised from considerable 
depths to make a canal comparable for size to the Suez Canal, to give 
room for a stream about as great as the Thames is at Windsor. I 
found only mud, sand, pebbles, and abundance of large, smooth, egg- 
shaped, rolled stones of considerable size. I could not find one stone 
with seratches on it or with flat sides, or one angular erratic near 
the canal. I could find nothing glacial about the end of the Ganges 
basin. I could hear of nothing glacial from the surveyors with whom 
T conversed at Dehra. I had photographs of glaciers, and of glens 
near them, about the headwaters of the Ganges and Sutlej. In them 
T could see nothing to suggest the former action of large glaciers like 
those which have left their spoor in every valley in the Alps, in 
Scandinayia, in Scotland, and in Ireland. Insome few pictures only 
I could trace marks which seem to indicate a former extension of 
glaciers which exist. Captain Senior, Superintendent of Native 
Army Schools, who made the pictures, said that old glacier-marks 
which he identified on the ground extend only a few miles from the 
ice in tlus region. ‘The surveyors who mapped the ground confirmed 
what I saw and heard. The Ganges glaciers, and others in this 
region, hang about the steep broken edges of great deep basins ; and 
there is nothing to show that glaciers ever filled these basins, as 
Kuropean hollows were filled of old. 

There was no sign of an ice-cap at either of these hill-stations ; 
and opposite to the Ganges basin were no signs of that Glacial 
period to which European ice-marks are usually attributed. On my 
return to Europe I went to the Val d’ Aosta to look at old moraines. 
The result of the comparison is in Section V. 

32. My next cast was westward in the plains. I travelled by rail 
to Lahore, about lat. 32°, crossing the Jumna, the Sutlej, and the 
Bias rivers about 50 miles from the hills. I saw no glaciated stones 
in the plains or near the banks of these three great rivers. All three 
rise amongst glaciers. The Sutlej flows E.-W. from lakes close to 
the sources of the Indus and Brahmapootra in Thibet, and many of 
its branches come from glaciers which are on the outside of the 
Ganges basin. At these four points between the Ganges and the 
Ravee there is nothing at the foot of the Himalayas comparable to 
the glacial débris of Lombardy or the erratics of the American 
plains. There is nothing visible but sand and mud between Allaha- 
bad and Lahore. 

33. Kangra*.—Ahout long. 74° E. I turned back to Umritsir, and 
drove 70 miles over plains to Puttankote. That place is close to the 

tavee and to the foot hills, and within sight of the hills in Cash- 
mere.. The Ravyee rises amongst large glaciers; but there is 


* See paper mentioned, paragraph 11. 
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nothing like glacial work opposite to this great river-basin in the 
plains. 

34, In skirting the base of the hills to Noorpoor, I crossed 
several large streams, sought carefully, and found only rolled 
stones, 

oo. I went through the Kangra district, where I had been led to 
expect signs of glaciation at a low level. The Dhaoladhar range 
is 16,000 feet high and about 80 miles long. It is deeply furrowed. 
A geological map, given to me afterwards by Mr. Medlicott at Cal- 
cutta, shows that the tops of the sierra are granite, against which 
lean beds of schists and slates, dipping at a high angle towards the 
plains. The deepest furrows cut through the edges of these beds at 
right angles to the strike, from the granite tops to the foot of the 
range. 

The Kangra “ valley” is a broad slope undulating towards the 
plains. I had seen this range clearly from Simla, distant about 100 
miles. Those who have seen the Alps from the Rigi and Faulhorn, 
or from Turin or Novara, or any other great mountain-range from a 
distance, know that the distant view gives a better idea of the general 
shape of the mountains than nearer views. ‘The whole steep face of 
this great range was like a steep bank after heavy rain. There was 
no sign of a great glacier passing along the base of it, out of the 
Sutlej valley, from east to west. Such a glacier, if ever it existed, 
must have left a conspicuous mark. So far as I have been able to 
learn from surveyors, geologists, travellers, photographers, and pho- 
tographs, there are no marks of a big glacier in the Sutlej valley, 
so far as it has been explored; but existing glaciers are close at 
hand. ; 

When I got to the Kangra slopes, the tops were covered with 
new snow, which made every ridge and furrow conspicuous. The 
range is like ground seen from Simla and Landour. The landscape 
is a series of angular forms, like a ploughed field on a steep slope. 
Kangra is on a steep high ridge, 2449 feet above the sea, distant 
about 12 miles from the high range. The view is something like 
the view from Turin for distance and extent. When evening lights 
and shadows and sunset colours play upon the great hill-face oppo- 
site, details of form come out with extraordinary clearness, and the 
landscape is one of the most beautiful that I ever beheld. Near the 
top are three conspicuous patches of old snow, on smoothed rocks, 
which are not furrowed like the ground near them. These I suppose 
to be the old beds of small glaciers, if they are not glaciers hidden 
by snow and stones. The snow is full of large stones, clearly visible 
with a telescope. These patches come down to about 12,000 fect. 
They rest on granite, according to the map. Below these are three 
deep furrows of the usual angular V pattern, which come down to 
the Kangra slopes, and from them spread A-shaped masses, which 
look like deltas from any distance sufficient to make the course of 
the streams visible from the snows to the slopes. In travelling east- 
wards along the hill-foot, from Noorpoor to Kangra, many water- 
courses are crossed. Of these some come from the highest granite 

12 
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ridge, some from lower parts of the ridge. In some of the former 
class I found long trains of unusually large stones, chiefly granite, 
washed out of deltas and left in streams. At first sight these, by 
their great size, suggested glacial action. They have been described 
as “‘erratics,” and the deposits in which they occur as ‘‘ moraines ” 
of the Glacial period. I therefore sought carefully, but I could 
find none of the known marks. The Kangra big stones are all 
smoothed, dinted, and rounded; the biggest are next to the range. 
The size decreases as the distance increases and the slope grows less. 
They are not arranged like moraines near Turin or elsewhere, but 
spread like stuff of the same kind at the foot of Pike’s Peak in Ame- 
rica, and at the end of the Dariel Pass in the Northern Caucasus 
The deltas to which these trains of big stones belong all spread like 
fans from the jaws of deep, steep ravines near high, steep hills, and 
they are all washed and rolled by floods of water. 

Dhada is a rest-house at the foot of the high range, in the very 
jaws of a deep V-ravine, which comes from the biggest old snow- 
patch that I could see on the range from Simla or from Kangra, or 
from any point that was passed in travelling away from the Dhao- 
ladhar range, or in passing along the foot of it. The stream comes 
out of a deep, steep corrie of large area. At the very apex of the 
delta a gravel-pit beside a road gaye a section of the deposit, which 
a very accomplished geologist has described as one of the Kangra 
‘‘moraines.” The solid rock under the loose stuff was newly laid 
bare. It is not glaciated. The whole of the stuff was sorted by 
running water, and the big stones strewed on the top evidently are 
the largest and heaviest in an old-river deposit laid bare by late rains, _ 
which have washed away smaller stuff. There was no moraine- 
stuff in the section—no clay and no scratched stones anywhere*. 

The unusual size of these big stones has to be accounted for. 
Eyery lake and every snow-patch isacondenser. A lake is in Cash- 
mere which was a great deal bigger, as shown by old margins. 
When it was bigger there probably was more rain in the whole re- 
gion and more snow. In the lake-regions of Italy rainfall and 
climates vary notably within short distances. I found itso in April 
1877. 

The local rainfall about Kangra is now about 102 inches, and the 
slope is about 12,000 feet in four horizontal miles. The rain falls 
in about six months. Local rainfall varies greatly now in India. 
In Thibet, behind Himalayan slopes, it is said that no rain falls. 
In Scinde a few inches fall ina year. 62 inches is the average of 
places in the hills within sight of Kangra. 102, 125, 200, and from 
500 to 800 inches have been recorded in different hill-regions in 
India. The rainfall of a given spot there seems to depend upon its 
position with reference to the wind, which comes from the Southern 
Ocean, and is called the monsoon, and with reference to ground over 
which that damp air passes before it reaches the place. The Kangra 
rainfall may have been stored up. In very steep, deeply-furrowed 


* See Section V. for a real moraine at Ivrea. 
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ground snow-slides must frequently occur, and form “bunds” in 
narrow ravines, so as to gather a head of water. lLandslips occur 
frequently ; and they do, in fact, dam up watercourses, and form 
lakes, and accumulate water-power till they are burst by it. Earth- 
quakes frequently occur in the Himalayas; one occurred at Darjeel- 
ing in February 1877. Numerous couloirs of old snow, formed in 
ravines, reach far down the hill-faces above the Kangra slopes, and 
are planes inclined at a very steep slope on which big stones might 
roll. Plenty of probable and of existing causes suffice for the transfer 
of big stones from the parent granite on the ridge down to their 
present sites on the Kangra slopes, a few miles from the hills. It 
took 37 steps to pace round one of the larger sort near the hills. 
Some are worshipped; and it is easy to see how a glacialist might 
attribute their transport to ice, while the people ascribe it to their 
divinities. I found small blocks of the same granite nearly 30 miles 
away, in the high gravels of a river which rises above Dhada in a 
snow-patch visible from Kangra and Simla. I believe that water 
moved the whole stream of rolled stones, great and small. 

Between Dhada and Bhagsu, in crossing many streams which 
come from the lower high slaty ranges which rest against the 
granite, I could find no specimen of granite in a walk of 11 miles at 
the foot of the range. But further west a larger river comes from 
another snow-patch on the granite, and it flows amongst a great pro- 
fusion of very large granite stones, washed clear of smaller stuff. 
These facts seem conclusive. Great water-power is sufficient to ac- 
count for the big stones. In 1876 a very large stone was moved 
about a hundred yards by a sudden flood at Kalka, near Simla. Two 
washermen were washed from the stone and drowned. ‘The cause 
of the flood was simply a heavy shower which poured into a steep 
angular river-basin of small area, and suddenly gushed out like water 
from a spout upon the apex of a delta which spreads on the plains 
over a distance of ten miles down to the Gugger river. The largest 
stones in that delta are next to the steep hills, and look like glacial 
work at first sight; they are comparable to the smaller sizes of big 
stones at Kangra. ‘The rest of the Kalka delta is a river-deposit of 
rolled stones, gradually decreasing in size till the plain is reached. 
Thence the whole land is fine sand and mud down to Caleutta. There 
is nothing there like the amphitheatre of moraines at Ivrea. Similar 
deltas spread opposite to every river which I saw near the lower 
ranges of the Himalayas. They are conspicuous, even on maps 
on a scale of eight miles to one inch, between the Ganges and the 
Ravee. 

36, Summary.—By visiting three hill-stations in the north-west, 
I saw points distant from each other about 400 miles. Having 
formed an idea of distant spots visible from Simla, I went to two of 
them, and verified my conclusions on the ground, at Landour and at 
Kangra, which are about 200 miles apart. I saw the shape of the 
Himalayan slope, and was convinced that no trace of the “ ice-cap ” 
remains between Thibet and the plains in the region seen. The ice- 
cap, in moying southwards, must have crossed the Dhaoladhar range, 
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which is as steep as the Caucasus and about as high. It must have 
erossed the deep Sutlej valley and the sierras which divide it from 
the Ganges basin. 

Secondly. I went to the Ganges basin, and saw enough to be sure 
that it has not been filled with ice like Alpine valleys and Scandina-~ 
vian dales, which were filled, and that recently. 

Thirdly. . skirted the base of the hills in the plains, from the 
Ganges to the Ravee, and saw nothing comparable to the glacia]- 
plain deposits of North America, or those of Europe, although “ the 
snows” are visible from the plains. 

Fourthly. I went to a range 16,000 feet high and 80 miles long. 
At 100, 70, 40, and 12 miles distance, and at the foot of the steep 
ridge, I found no trace of glacial action. J found none between the 
plains which end at about 1000 feet above the sea and spots which 
are from 7000 to 10,000 feet above the sea, and on the road to the 
borders of Thibet. Within sight of Indian glaciers I saw no sign of 
glaciation. 

Fifthly. 1 found on the map that glaciers abound about a degree 
north of Kangra, near lat. 33° N., at about 12,000 feet above the 
sea. These are marked as 10 to 15 miles long now. In that region 
are lakes and flats called “maidans.” Further north, about latitude 
36°-37°, glaciers are still larger. They may all have been larger 
than they are; but they have left no record on the lower bills to prove 
that their size was greater in proportion tc the size of glaciers attri- 
buted to the Glacial period. Scandinavian and Alpine ice has 
shrunk by many meridian degrees. Old Himalayan glaciers have 
left no mark within a few miles. Itseemed as reasonable to account 
for the length of an icicle by a Glacial period as to summon that 
cause to account for any extension of Indian ice of which I was able 
to obtain proofs, from maps and surveyors, geologists and papers, 
photography and photographers, and travellers. I could hear of 
nothing to alter an opinion based on this personal inspection of the 
ground between Point de Galle, in Ceylon, and the Dhaoladhar 
ranges above the Kangra slopes. ; 

37. I had no time to go on to Cashmere, unless I gave up Delhi 
and Darjeeling. JI did not travel to glaciers: one such expedition 
is work for a month, and needs much preparation. 

The Viceroy had from 1100 to 1700 coolies, and took more than 
a month to travel from Simla to the Ravee along the lower ranges 
of the Himalayas with his camp. I saw the point reached from the 
starting-point distant about 100 miles. I did not aim at discovering 
how much further any particular Indian glacier may have flowed. 
That geological work is in able hands. I did not wish to test the 
conclusions of other observers, to contradict or to confirm their 
observations. I wanted to look myself at a great deal of ground in 
a short time, so as to know the general shape of it, and to examine 
carefully a few spots selected as the best for my purpose. Having 
seen Hirdwar at the end of the Ganges basin and Dhada at the 
mouth of the Kangra gorge, I went to no more spots of the 
kind. 
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Between lat. 5° and 32° I found nothing in India to prove any 
great change in the existing climate of the world *. 

38. After this cast in the hills I took several casts in the plains, 
working eastwards towards the most southern glaciers in the nor- 
thern half of the world. I travelled to Saharumpore, and thence to 
Agra. There is no sign of glacial action about the banks of the 
Jumna, or in the plains seen on that journey. I could not see a big 
stone, I could hardly find a pebble as big as a nut in the river-beds. 
I travelled to Cawnpore on the Ganges, and to Lucknow on the 
Gumti, and westwards on the Oude and Rohilcund line by Bareilly 
to Alleyghur and to Delhi. I chose that route because it skirts the 
base of the Himalayas, crossing numerous streams which flow from 
Nepal and are said to rise in glaciers. Gradients marked along the 
line are from 1 in 500 to 1 in 3333. The country, though undu- 
lating, seems to be a vast plain of sand and mud, spread by the 
streams and levelled by local rains. Water is reached at small 
depths and is raised from wells for irrigation. The only hard stuff 
found in this plain region is “ kunka,” which seems to be a lime- 
stone-pan growing from aqueous solution by erystallization. The 
‘“‘Jaterite ” of Southern India is something of the same kind. At 
Delhi, as in the Deccan and in Southern India and in Ceylon, I 
found something to account for the “ moraines” of Central India, of 
which I heard much and saw nothing. ‘The ridge,’ famous in the 
siege of Delhi, is broken sandstone arched lke broken ice on a 
rolling wave. If this be the work of an earthquake-wave, the 
movement was from §.E. or N.W., as it was in the other places 
where recent earthquake-waves have recorded their passage along 
the base of the hills in broken buildings and in broken hills... In 
Lyell’s ‘ Principles of Geology, under the head “ Cutch,” the rise of 
such a ridge is described. The ridge runs from N.E. to 8.W., and 
is about 100 feet higher than the plains. The bed of the Jumna is 
sand and mud, and the old sandstone is the same. ‘The arched beds 
are jointed, and the angles are weathered. A little more weathering 
in situ will make a ridge of stones and something like the shape of 


* I was told by Major Godwin-Austen at Calcutta that the valley of Cashmere 
was a great lake, as proved by freshwater shells and terraced water-margins. 
From information given by many other observers I had been led to suspect that; 
the river Jeelum had cut a drain, and partially dried a lake, whose old terraced 
margins are conspicuousin Cashmere. Shells found by an expert are conclusive, 
and confirm local tradition. 

“On the Lacustrine or Karéwah Deposits of Kashmere.” By H. Haversham 
Godwin-Austen, Capt. H.M. 24th Reg., Kashmere Survey. Read June 23, 1858. 
Quart. Journ. Geol. Soc. vol. xv. p. 221. 

By the same author. ‘‘Gcological Notes on Part of the North-western 
Hiinalayas.” Op. cit. vol. xx. p. 383. 

These two papers describe deposits which seem to resemble the Kangra 
deposits, and prove by fossils that some of the rocks of the higher ranges of the 
north-western Himalayas were formed in an ancient sea. 

In mountains north of Cashmere glaciers still are of vast size about lat. 37°. 
The same able observer who found the shells and saw these glaciers, also found 
marks of ice-action near the valley of Cashmere as low down as 5000 feet above 
the sea (Journal of the Geological Society for 1864). 
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a moraine. The rocks by their composition indicate the action of 
water on fine sand, like the action of the Jumna on its bed. From 
Delhi I went eastwards by the Oude and Rohilcund line to Fyzabad 
Ajudia and Benares, finding everywhere the same geological engine 
at work—rain—in rivers and under ground. I went by the loop 
line to Sahibgunge, on the Ganges, and thirty-five miles up stream 
in a steamer. The sections made by a river which here is six miles 
wide in the rains, in islands which it is building and destroying and 
moving seawards, show false bedding and all those marks of water 
work which I saw in the soft beds of the “‘ Shivaliks ” and the Delhi 
brown sandstones. I saw no pebbles in these Ganges sections or in 
the dry bed of the river. I suppose, therefore, that pebble-beds 
were formed near high ground where running water has more power, 
The highest mountains in the world were seen from Sahibgunge on 
the 10th of February, distant about 200 miles northwards. At 
Sahibgunge is a low range of whinstone hills much furrowed by 
rains ; rolled stones are gathered for ballast and for other uses. All 
that I saw were waterworn. I could see nothing like a terraced 
sea-margin there or on the foot hills of the Himalayas opposite or 
anywhere in India. The terraces of Cashmere are therefore marks 
made by the lake, not marks of the sea. I have heard them quoted 
as marks of “the Deluge.” From the Ganges to the foot hills for 
140 miles the land is alluvial, with scarce a pebble in the river-beds. 

The Terai at the hill-foot is a belt of jungle like the country near 
Dehra. As at three other hill-stations the Himalayas rise steeply 
from the Terai, and they are equally furrowed. High up in these 
furrows rest stones as big as the biggest at Kangra. They are 
remnants of landslips left by rains which washed down finer stuff 
into the Terai. The rocks are chiefly gneiss, which weathers to a 
brown mud, with mica in it and quartz grains. I recognized these 
decomposed materials on my return, blowing in clouds before a 
strong breeze, about the banks of the Ganges. The wind rippled the 
sand and packed mica in the troughs of miniature waves. In many 
other parts of India sand-drifts are on a large scale. In accounting 
for the plains the action of the wind must be considered. At twenty 
miles from the hills, within sight of the snows, river-grayels are 
small pebbles of gneiss. From Hooker’s Journals and the accounts 
of residents and travellers I learned that the largest river-beds in 
this part of India are of the same character. There are no large 
stones, no deposits of glacial boulders, even about the exit of the 
Brahmapootra, which rises close to the sources of the Indus and 
Sutlej and flows eastward through Thibet till it finds a passage into 
the Indian plains. So far as I can read the record on the plains 
between Ravee and the Brahmapootra, there never has been a large 
Thibetan glacier behind the Himalayas. There is nothing about 
the Punjab, as in Assam, and there is nothing about the mouth of 
the Yangtsekiang in China or the Pearl River in Canton to show 
that Central Asia was under a ‘‘ continental ice-sheet.” It is often 
mentioned in books. ‘The mouths of all the great Asian rivers that 
flow eastward and westward and southward are like the Ganges 
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delta. The delta of the Dwina is strewed with glacial drift. The 
Ganges delta clearly is a mass of fine materials chiefly washed down 
from the Himalayas by rains and deposited in the sea. 

39. Sicctm.—tIn travelling 40 miles from the plains up to Dar- 
jeeling on foot and on horseback I found only marks of great pluvial 
erosion. If Kanchinjunga were many thousands of feet lower, and 
if the plains of India were level with this hill-station and reached 
to Thibet, the views of Kanchinjunga and Siccim might be compared 
to the famed look-out from the church-tower at Novara in Lombardy, 
Darjeeling is 7167 feet above the sea, and a hill behind the station 
on the same ridge is 8606. ‘The rainfall at places near is about 
200 inches. These spots are on the edge of the basin of the 
Teesta, which is about 80 miles long, 50 miles wide, and 27,000 
feet deep, according to the map. From Darjeeling the ridge 
slopes down about 6000 feet in four horizontal miles to the Run- 
geet, which is a branch of the Teesta. The whole drainage 
escapes into the Terai through a narrow V gorge. On the opposite 
north bank of the Rungeet, Kanchinjunga and a range of high 
grounds extending E.W. slopes upwards. The highest peak is 
28,150 feet high, distant 44 miles on the map. Behind the range 
is that of Mount Everest, the highest in the world, masked by Kan- 
chinjunga. The rest of the edge of this great hollow is a high 
jagged sierra towards Thibet, and a ridge about as high as the Dar- 
jeeling ridge, which divides the Teesta basin from the next basin 
which is eastward, in Bhotan. Beyond the southern edge of the 
Siccim basin there is no land southwards except the low plains of 
India. The basin of Siccim therefore holds a confined lake of air 
which belongs to the cold regions of high central Asia, as the waters 
in it belong to surrounding snows. The result is that a regularly 
intermitting cold wind pours out of these Himalayan basins with 
their rivers. At Hirdwar the wind is called the “ Dalu,” and is 
regular for months. It begins some three hours after sunset and 
ends about three hours after sunrise. At Dhada a similar river of 
cold air flows out of the gorge, and is visible with mist from Kangra 
in the iaorning. The lower air in these basins often is full of clouds 
and haze and dense mists, while the air above 7000 to 8000 feet is 
clear. At sunrise the river-courses in Siccim for eighty miles are 
often filled with flat grey clouds to a depth of some thousands of feet. 
They mark out the course of the stream of cold air; they also mark 
out the course for local glaciers, if they were now to fill these gorges 
on the scale of glaciers which filled Scandinavian dales during the 
Scandinavian local glacial period. When the air is warm at sunrise 
this deluge of mist often is 6000 or 7000 feet deep. Then it shows 
what the basin would be like if a glacial period filled it with vapour 
carried by winds from the southern ocean condensed and frozen, 
Sometimes it is possible to look out from these Indian hill-stations, 
over flat clouds which roof the plains, and to realize what is meant 
by a “continental ice-sheet” ten thousand feet thick and an ice- 
cap smothering the world. When the risen sun shines into the 
Teesta basin the lake of yapour boils, Clouds rise and climb up all 
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southern slopes, and up the face of Kanchinjunga, till they reach the 
tops and the ice, and rise high above the solid earth to 30,000 or 
40,000 feet and fly away. By watching for a fortnight I managed 
to see most of this Teesta basin and its edges and hills, in Bhotan 
25,000 fect high, distant more than 200 miles beyond the edge of 
Siccim. I could see three glaciers on the southern face of Kanchin- 
junga with their cracks and moraines, and with large blocks of fallen 
stone resting upon them in fresh snow. The biggest glacier is only 
about 8 miles long on the map. Away towards Thibet, I saw greater 
snow-slopes at the edge of the Teesta basin, and recognized the 
ground described by Hooker and Dr. Campbell, by Mr. W. T. 
Blanford and others. It is a narrow high country of glaciers and 
old glacier-marks, with numerous small lakes in it, all near to the 
highest grounds about the serrated edge of the basin 70 or 80 miles 
away. All the rest of the hollow, about 2000 square miles, below 
12,000 or 14,000 feet, is one great series of rain-furrows like those 
which I had seen in the north-west at three other hill-stations. 
The Darjeeling ridge is like the roof of a house, 6000 feet high, and 
all the other ridges are like it. The beds of gneiss pass horizontally 
through sections made at the top of the A to make room for a house 
to stand on the ridge. Eastward at sunrise I saw a serrated ridge 
of snow-hills at the watershed of Thibet, and a series of ridges with 
a pretty regular slope southward, to show what the Himalayan slope 
may have been like before it was furrowed by rains. As icicles 
under the eaves are to the roof of a house, so are these big glaciers 
to the rest of the hill-country. They may have shrunk, they may 
be growing locally or generally; but these glaciers of Siccim, which 
are the nearest to the equator of any known, are near their extreme 
size. There are no marks of any glaciers on the scale of the 
morning mists, which mark out the beds for glaciers on the scale 
required; by the Glacial period in India. The place where the 
Treesta enters the Terai is incomparable to Ivrea in Italy (see Section 
Y, for the records of glaciers there). 

40. This may show that climate does not depend upon iatitude. 
At Darjeeling my glass marked 23° at sunrise on the 6th of 
February, 1877; on the 8th, 40 miles away, it marked 58° in the 
Terai. At Calcutta it marked 60° for a week at sunrise, while snow 
fell heavily at 7000 feet at Darjeeling. On ground only 44 miles 
away from Darjecling, at 28,150 feet, the snow never melts, and 
glaciers exist. At Calcutta punkhas are used, while the Bhotias 
wear blanket-frocks and furs, and cover their brown faces with black 
unguents to prevent frost-bite. A local glacial climate is between 
lat. 28° and 27°N. I left a region of mist and cloud for a place where 
horses wear solar topes and die of sunstroke in the streets; within 
two months I was about lat. 45° or 46°, where my glass read about 
50° at the foot of the Alps at sunrise. The climate at Aosta is not 
much colder than the climate at Darjeeling. My glass was at 35° 
and it snowed heavily at Ivrea on the 17th of April. Snow lay 
on Mount Ida, on Etna, and Calabria in the same month; and snow 
fell at Malta in the end of March about the latitude of Cashmere. 
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41. Summary. If the ice-cap ever came down from the north 
pole to the equator, it must have come down from Central Asia over 
the Himalayas.” There is no trace of it on a band of country mea~- 
sured by fifteen degrees of longitude between points in Cashmere and 
in Bhotan. ‘There is no trace of it in the Caucasus, in the Crimea, in 
the Alps, orin the Rocky Mountains of America. If a late “ Glacial 
period ” existed all record of it that remains below lat. 32° in India 
is on a narrow belt some few miles wide, and possibly 6000 feet 
deep, round the edges of river-basins, and near glaciers which I saw 
at a distance from four hill-stations in the Himalayas, from Kangra, 
Simla, Landour, and Darjeeling. 

42. Weather.—Glaciers flow like rivers, and like them are subject 
to speates and inundations which depend upon the weather. The 
first glacier I ever touched had taken a late fit of advancing, and 
had ploughed up green pastures and turf. It had then melted away, 
leaving stones which it carried on the surface upon stones over 
which it had passed. There was a wide hollow area of bare wet 
muddy rubbish in front of theice. After 1841 most glaciers on the 
north side of the Alps advanced, and many of them ploughed up 
pastures. After a time most of them retired. ‘Those which had 
come down steep slopes now end at the top, a long way and a stiff 
climb above their old limit. Those which had advanced are now a 
great deal shorter than they were, and their limits are marked by 
their moraines, and remembered for the damage done. I have no 
statistics ; but the facts are well known to Alpine travellers. I have 
no explanation to offer; but this change manifestly depends upon 
“ the weather,’ not upon astronomical causes. From some atmo- 
spheric cause the rainfall of Southern India failed, and caused a 
famine in 1876 and 1877, while the winter in Britain was unusually 
wet and the land was flooded. 

That is enough to show that marked changes in Himalayan 
glaciers may also result from common atmospheric causes, and that 
the amount of change recorded does not require an abnormal Glacial 
period. Since 1841 a small Caucasian glacier slid and tumbled 
down at a fork upon a branch, which advanced a long way and 
threatened the road in the Darie! pass. For that reason the glacier 
was surveyed, and the changes were recorded. The Caucasian glacier 
and the Alpine glaciers have gone on flowing as usual, and their 
changes haye been noted. Changes in Himalayan glaciers have not 
been noted, but they resemble river-floods. Within certain limits 
they depend upon the weather. . Within the life of men still living 
the weather on the west coast of Scotland has changed for the worse, 
so as to destroy some garden plants altogether and to spoil crops. 
The change has been noted only by those whom it chiefly concerned, 
by men who have lived at the place all their lives; the rest of man- 
kind probably know nothing about these changes of Scotch climate. 
According to Icelandic Sagas, the coasts of Greenland once were 
accessible and habitable, where floating ice now makes navigation 
almost impracticable, where cultivation has ceased altogether, and 
civilized men have ceased to live. Yet the world’s climate remains 
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the same, so far as men know. These changes, great and small, 
recent and remote, are all local, and, so far as I know, they are atmo- 
spheric. When at Simla in October 1876, “ the end of the 8. W. 
monsoon came after date.” I saw it come. On the 9th a lot of 
small clouds floating above the hills at about 25,000 feet came from 
Thibet; the N.K. wind had begun. The sky was clear above in the 
N.E. wind above 7000 feet. Below Simla on the plains the air was 
damp, thick, hot, and stagnant. Thunder-storms flashed at night. 
The 10th and the 11th were alike. The N.E. dry wind poured 
slowly down the Himalayan slopes. On the 12th it rained and 
thundered at Simla. On the 13th and 14th it poured. The 15th 
and 16th were fine days. On the 17th it rained. On the 18th, 
19th, and 20th it was clear about Simla. After that the air was 
clear and dry for many months about the hills. On the 8th a heavy 
fall ef rain began at Allahabad ; eight inches fell in 24 hours. On 
the 12th there was bad weather further south; along the coast 
Vizapatam was inundated, sepoy lines were destroyed, and many 
lives were lost. On the 21st a great circular storm took an abnormal 
course in the Bay of Bengal, and the wave which it dragged along 
swamped the coast of the Ganges delta. About 300,000 persons 
perished. But all this was the result of a slight variation in the 
world’s “‘ weather,” a cold “down rush” of air stirred up still air 
and precipitated moisture. An equal quantity of snow would have 
made a glacier grow abnormally, as I suppose, because of the 
weather. At page 248, vol. i. of Hooker’s Journals, from 8000 to 
10000 feet is said to be the limit of ancient glacial marks observed 
in Siccim and Nepal. The largest and lowest moraines were on 
very steep ground on the northern shaded side of the Kanchinjunga 
range behind Jumnoo. A small glacier is on the southern sunny 
slope of that peak, which is 25,804 feet high, and larger glaciers are 
on the north side. From 13,000 to 14,000 feet is about the limit 
of existing glaciers in these regions, aceording to the distinguished 
author who discovered and described them. That gives a marginal 
difference of 6000 feet at most. According to Hooker, glaciers in 
the N.W. Himalayas reach from 8000 to 7000 feet. According to 
Major Godwin-Austen marks are found at 5000 feet above the sea. 
That gives a difference of 3000 feet at most. But cliffs on Kanchin- 
junga which are so steep that snow cannot rest on them, are nearly 
as high as this margin of from 6000 to 3000 feet of vertical shrinking, 
But 14,000 feet of height may mean two and three quarters or four 
miles on a map, in the highest Himalayan regions where glaciers 
exist and where old marks are found. A sudden débicle would send 
down a moraine that far; a glacier might slip as much. Photo- 
graphs of Indian ice show the same character which is seen from 
Darjeeling. The glaciers end in narrow Y gorges, and then turn 
into streams which flow on very steep slopes. In Scandinavia 
glaciers commonly end in wide flat dales ~, in which their streams 
haye cut small shallow water-furrows. Old marks of Scandinavian 
glaciers extend from the ice to the sea, along flat dales into fjords, 
and out of them up over islands as far as islands rise above the sea, 
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for some hundred of miles. There is one continuous record of ice- 
action engraved upon solid rocks from the Dovrefjeld to the mouth 
of the Christiania fjord. The whole of Finland is glaciated, and 
Finnish erratics are far down in Northern Germany. If this and 
Alpine ice-work on a large scale be due to a “ Glacial period,” similar 
work ought to be found near the Kanchinjunga glaciers; but there 
is nothing of the kind there or in India anywhere south of lat. 
32° 30°. In the paper numbered 8, in mention of a débacle caused 
by an earthquake at Ararat, a flood of snow ice, water, mud, and 
great stones flowed twelve miles along a flat valley in a few hours, 
and there left a record which can hardly be distinguished from 
normal glacier work. Such a débacle might go down 12,000 feet in 
India. Earthquakes frequently oceur in the Himalayas and near 
them. One happened in February 1877 beside Kanchinjunga, where 
glaciers hang at an edge. This cause and consequent abnormal dé- 
bacles must be considered in accounting for masses of rubbish which 
look like moraines in improbable places. Major Godwin-Austen found 
marks amongst lower hills near the head of the Bay of Bengal, which 
he then supposed to be ‘‘ moraines.” He found no scratched stones 
in them. Hooker found no glacial marks at the foot of higher hills 
further north in the same line; I found none up to lat. 32°. I think 
it possible that even Major Godwin-Austen, a skilled observer, may 
have been influenced by the prevailing belief in the “ Glacial period,” 
which has so often influenced me. 

Since the glacial theory took hold, the first impulse commonly is 
to account for any abnormal deposit of large stones and débris by 
glacial action; but when the work of floods has been seen, that 
impulse is checked. I have learned that by many mistakes of my 
own. Weather has changed the position of ice in the Alps, in the 
Caucasus, and in the sea within living memory and historic times ; 
put the world’s climate remains the same nevertheless, so far as 
meteorologists inform us. 


LV. India. —Pluvial Erosion. 


43. So far I have been obliged to follow the example of old 
Nicholas Horrebow in his chapter on Snakes :—‘‘ There are no snakes 
in Iceland;” and I saw no records of a glacial period in India. That 
which I did see and héar of is vast pluvial erosion proportioned to 
vast yearly floods. The side of one gorge measured by a surveyor 
rises 14,000 feet in a mile and three quarters on the map. I saw 
Nunda Devi, Jumnutri, Gungutri, Kanchinjunga, the Dhaoladhar 
slopes, and others which are on this sort of scale. About 14,000 
feet in four horizontal miles is the slope at Kangra. 

All the hill-country that I looked over is furrowed like a ploughed 
field ; and where I was able to trace the structure of the rock, every 
furrow was carved out of the solid. Every furrow that reaches toa 
plain ends at the apex of a large growing delta(A). Given years 
enough, and the largest of these Himalayan furrows would result 
from the cause which cuts the smallest during showers. In North 
America the Grand Cafon of the Colorado is all water-work, 
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according to experts. In Asia the Sutlej valley and others are on a 
greater scale of length and depth. But such carving implies chips 
in proportion and long time for slow work. 

The foot hills of the Himalayas are “Tertiary rocks,” generally 
known as Shivaliks. They belong to periods of large animals. In 
Kurope such animals belong to the period dated Pliocene ; Shivalik 
fossils are dated Miocene at the British Museum; Mr. Medlicott’s 
map gives subdivisions. Taken together they are of great thickness ; 
Mr. Theobald estimates them at ten thousand feet. They have been 
crumpled up against older beds in the higher ranges and faulted 
parallel to the folds according to the map. Sections are exposed 
in river-courses and along roads; they consist of brown and grey 
soft sandstones and mudstones, with beds of hard rolled pebbles in- 
terstratified and associated with the soft sandstones. In travelling 
up and down hill at four hill-stations, I crossed these Shivaliks eight 
times, where fresh sections were exposed. In these beds I saw all 
known marks of the action of water flowing from the hills towards 
the plains. I saw false-bedding as conspicuous as it is in the banks 
of the Ganges, in sandstones and mudstones like Ganges sand and 
mud. I saw pebbles sized and packed like eggs in a basket, with 
the long axis pointing towards the plains, and decreasing in size as 
the distance from the hills increased on a journey of 70 miles from 
Kangra to Hosiarpur. When first I saw these pebble-beds near Dehra, 
having no knowledge of them at all, I took them for high river- 
gravels. When first I saw the beds near Kangra in the dusk I 
thought I had found boulder-clay and a moraine. 

In the bent faulted folds of this series of rocks is a clear record of 
action like that of rivers which now flow through the Shivalik hills 
to the plains. Taken together, all existing Himalayan rivers are 
building a compound delta which is as wide as the length of the 
range, long. 72°-100° E. ‘The Terai is a region of wet ground 
twenty or thirty miles wide at some places, where water is close 
under the surface, where grasses grow thickly to a height of twenty 
feet in a tangled rank forest bound with creepers. In that un- 
healthy region great wild beasts abound—elephants, rhinoceroses, 
tigers and the prey of tigers, wild cattle of great size, deer, and so 
on. This belt of wild country or “Jungal” coincides with the 
growing and mingling deltas which the rains are incessantly washing 
out of furrows, which rivers deepen and scour incessantly or 
periodically, according to their length and size. The Tertiary rocks, 
when I got to know them better, seemed to be a portion of an old 
plain terai of deltas crumpled up and broken. The “Collino” of 
Turin and hills south of the Caucasus are something of the same 
kind, and the formation extends far south in Italy. But if this be 
so, then all this mass of rolled stuff, mud, sand, gravel, pebbles, 
shingle, and large rolled stones, Tertiary and Recent stuff of the 
same kind, the Kangra big stones, the Kalka stone of 1876, the 
lowest bed in the Shivalik series, and the last grain of mud in the 
Bay of Bengal are chips recording chiefly Himalayan erosion. The 
stuff was carved out of the valleys, and chiefly by rains. I have been 
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told on the ground that the Shivaliks are ‘“ Moraines of the Glacial 
period,” and that the Turin Miocene marine deposit records the ac- 
tion of ice. I could find no trace of glacial action in these Tertiary 
rocks of India. 

The fossils of the series have been described. Lists comprise 
elephants of many kinds, rhinoceros, camels, alligators, gigantic 
tortoises, carnivora and their prey, extinct creatures closely allied to 
those which haunt the hot delta region of the Terai, below the foot 
hills in the plains. I saw a camel expiring on the shingle of a 
river-bed near Noorpoor, to show how the bones of his ancestors got 
buried by floods of old. So far as I can learn, no marine remains 
have been found amongst these Tertiary rocks, and no scratched stones. 
I watched for old sea-margins everywhere, and saw nothing like the 
terraced forms which are so conspicuous 1n other parts of the world, 
where sea-shells prove raised sea-margins, and show that the level of 
the sea and land has recently changed. Ceylon has risen, the Runn 
of Cutch has certainly gone down in late times. So far as I can 
judge from my own inspection of these Shivaliks, and from reading 
and conversation with experts, there is nothing in this Tertiary 
eeological record to show that any great change of climate or level 
has occurred in the region next below the Himalayas since the 
Shivaliks began to be deposited there by rivers. All signs of a long- 
continued aqueous erosion in a hot climate abound in the record. 
The chips are proportioned to the carving which I saw, and which 
I believed to be the work of rain when I left the hills. There 
is no sign of a glacial period in the Tertiary rocks or in the 
superficial geology of India, so far as I have been able to learn. 
The “ Talchir boulders ” (21) associated with Indian coal in lower 
Tertiary rocks within the tropics remain to be explained. I strongly 
suspect that striation will turn out to be caused by something non- 


glacial, and that the term “Glacial period” has biassed opinion 
in this case. 


VY. Hurope.—Comparison. 


44, On the way from London to India, vid Brindisi, a great deal 
of the world’s surface is rapidly seen between lat. 50° and 40° N, 
Any wide surface which nearly coincides with the curve of the sea 
suggests the sea. The plains of France~have been little eroded by 
rivers ; they end at the semblance of an old coast-line at the station 
next to the Alps; thence the hills have the shape of glaciation. 
They are caryed out of crumpled folds in beds of rock, most of which 
were deposited at the bottom of the sea. In similar latitudes on 
the opposite coasts of Newfoundland marine ice in all conditions is 
at work on a large scale. If the land were as high as the Alps, 
glaciers would probably reach the sea. J, Milne, Esq., F.G.S., now 
Professor of Geology in Japan, describeg what he noticed in New- 
foundland*. “What I noticed there is described in ‘ Frost and 
Fire,’ 1862. 


* ‘Geological Magazine,’ July, August, and September, 1876. 
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Folds in the structure of disturbed rocks are very plainly seen on 
both sides of the Atlantic, and they do not correspond to the outer 
surface on either side of the ocean. From the valley of the Rhone 
and from Lake Bourget, at Aix-les-Bains, all the way up to Mount 
Cenis, up arise of about 2300 feet, and down again to the plains 
of Lombardy, at Rivoli, glacial marks were conspicuous during an 
express-train run of about 10 hours. Moraines and moraine stuff, 
big stones, glaciated rock-surfaces, and later water-furrows, with their 
deltas, are conspicuous between the tunnel and Turin, in the valley 
and on its sides and in railway-works: the record is very plain. I 
judged that a glacier was more than 2000 feet deep when it reached 
the plain at Rivoli. That plain, again, suggests standing water by 
its flatness ; it looks like a bit of the bottom of the sea. From the size 
of the water-furrows, the Italian glacier melted a long time ago. All 
these ridges and rock-grooves bear records of erosion by flowing ice and 
by running water. ‘They certainly are not folds in the folded beds of 
which these highlands are made. ‘The latest glacial record has been 
partially destroyed by water ; but so long as scratched stones and 
erratics remain on the surface and ridges and grooves retain their 
curved section, this record may be deciphered by experts. It has 
been read by many. From the base of the Alps to the end of Italy 
water-furrows become more and more conspicuous; but from the 
general outline of these highlands, it seems probable that experts 
may yet find ice-marks where snow falls. Snow falls and outlasts 
summer on Greek hills and on Candia, whose top is about level with 
Darjeeling. Snow fell at Malta in April, 1877. On the American 
coast of the Atlantic ice was at work down to the latitude of Suez, 
30°, about Charleston. But the world’s climate had not altered 
generally. 

The slopes of Vesuvius, Stromboli, and Etna, the coasts of the Red 
Sea, and the Arabian volcanic island of Gib-el-tir, are newly-formed 
volcanic surfaces or spots in the hottest and driest of known climates. 
There is no question of recent glacial action on these surfaces. The 
wearing certainly is water-work with which to compare other worn 
surfaces. The African Red-Sea coast is chiefly horizontal-bedded 
rock, much furrowed vertically by occasional heavy rains. Gib-el- 
tir is surrounded by a raised sea-margin, comparable to others on 
the Atlantic coast or elsewhere, between the North Cape of Europe 
and. the base of the Alps. This volcanic island has been raised 
bodily after it had been worn all round by waves at the old sea-level. 
One side is a ‘Cliff and Talus,” a recent fracture undermined 
by waves and furrowed by rains. The fresh fracture has been 
freshly worn and shows the structure of a cone of eruption which is 
900 feet high, and smokes occasionally still, according to the charts. 

The temperature of sea-water was 90°, according to the log of the 
engineer of the ‘ Hydaspes,’ in September 1876, at the end of the 
Red Sea. 

On my return to Europe in April 1877, only two months from 
Darjeeling, I took a cast through Northern Italy to compare the base 
of the Alps, about lat. 45°-46° N., with the base of the Himalayas 
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between 27° and 32° N., with the Rocky Mountains about 36° N., 
and with the base of the Caucasus about 40° N. From Genoa the 
railway goes from the sea-level up a watercourse to a watershed and 
down another river-course to the plains. These main streams flow 
in channels with steep rocky sides, cut through bedded rocks at the 
bottom of curved hollows Y, which have also been scooped out of 
the solid. The sides of these curved hollows are furrowed by branch 
ravines Y of angular section cut by smaller streams. Near Cannes 
are glacial marks. Near Genoa are remnants of thick deposits of 
large stones supposed to be glacial work. I suppose that the general 
shape of these wide valleys of curved section is due to old glacial 
erosion, and the smaller angular furrows to more recent rains. I 
saw no valley of like section in the Caucasus or in any part of India. 
I noticed nothing else from the train between Genoa and Alexandria. 
Thence the line runs westward to Turin, and thence I went east- 
ward as far as Arona. The plain country is as flat as India; but 
pebbles abound in Lombardy, whereas there are none in the Indian 
plains. Stones used for road-making about Turin differ in shape 
from Shivalik pebbles used for the same purpose, in that most of 
them have flat sides and some are scratched. 

I took the liberty of waiting on Signor Gastaldi, who was kind 
enough to show me maps of the country north of Turin and to 
explain them, and to give me some recent publications on glacial 
subjects. Moraines near Rivoli were conspicuous objects from the 
train which carried me down from Mount Cenis to Turin, on my way 
to India in September 1876. About Ivrea the glacial stuff mapped 
by Signor Gastaldi extends far into the plains. It also approaches 
Turin from the north and east. It seems as if an estuary of large 
glaciers had converged along the headwaters of the River Po on 
Lombardy. Moraines rest upon clay which contains marine shells, 
of which many kinds still live in the Mediterranean and elsewhere. 
Similar marine deposits underlie similar glacial stuff at Como and else- 
where. These marine beds are dated ‘‘ Pliocene.” No such beds had 
been found along the base of the Himalayas when I was at Calcutta. 
I heard of no such beds when I was at Tiflis. Hills on the right bank 
of the river at Turin are dated “ Miocene.” They are made up of 
beds of clay, sand, rolled shingle, scratched stones, and larger, sub- 
angular, smooth blocks, to some of which sea-shells adhere. It is a 
marine formation with glaciated stones init. The roads are mended 
and buildings are made with stones taken from the beds. For height, 
position, shape, and structure the Turin “ Collino” is comparable to 
lower ranges in the Caucasus near Tiflis and to the Shivaliks between 
Dehra and Roorkee, between Kangra and Hosiarpur (see 27, 32, 39). 
These Italian outliers differ from the others in the shape and size of 
the stones and in the marine fossils. The formation is said to extend 
to Calabria, near to the latitude of Simla. From these ‘ Miocene” 
beds to the moraines of existing glaciers these Italian deposits record 
the action of ice, according to Italian experts. I could find nothing 
glacial in similar beds south of the Caucasus or south of the Hima- 
layas. Itis enough for me to know, from the writings of accomplished 

Q.J.G.8. No. 187. K 
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geologists, that the plains of Italy were under the sea while glaciers 
existed on the Alps, at least onee before large recent glaciers de- 
posited moraines upon beds of sea-shells north of Turin and Milan, 
about latitude 45°-46° N. My theory is that a large local submergence 
of Europe let in the cold Arctic stream, and so produced a local Euro- 
pean cold climate for a time, during which “ local Huropean glacial 
periods” Alpine and other European glaciers grew large and flowed 
jar, and reached the sea-level or near it about lat. 45°-46° N. It is 
certain that parts of Italy, Norway, and Scotland have risen within 
the period of history. Land may have sunk and risen many times 
while beds of many geological dates were formed, and some were 
folded and crumpled in Italy, in the Caucasus, and in India. I 
suppose that the last general rise in the European area, which is 
proved by recent and Pliocene shells, shunted the cold stream and its 
climate westwards to the American side of the Atlantic, and by so 
doing restored the old temperate climate to Europe, and made the 
Alpine glaciers shrink to Mont Blanc, Monte Rosa, and other high 
grounds, where they remain. The Italian record supports this 
theory. 

On the 9th and 10th of April it rained heavily and snowed on 
the hills. On the 11th I went up a thousand feet to an old telegraph- 
tower at Alpina. On three hundred degrees of my horizon I saw 
snowy mountains. A slight change of climate would bring back 
glacial conditions. The shape of the Alps is conspicuously different 
from the shape of the Himalayas. The slopes are not nearly so 
steep, the ravines are not so steep, so numerous, or so regular, the 
larger hollows are much wider, the tops are rounder and broader. 
The landscape generally has fewer angles and straight lines in it and 
more curves. At afew spots only I could see ridges and furrows 
of the normal Himalayan pattern, the work of recent rains. The 
12th, 13th, 14th, and 15th of April were clear, and the new snow 
made every detail of form conspicuous. From Turin, from the 
train, from hills near Ivrea, and from Novara I saw the Alpine 
range as I saw the Himalayan ranges only two months before. 
The sharpest points in the Alps are rather conical than pyra- 
midal. ‘The sky-line is less deeply notched. ‘The sierra is more 
like a worn blunt cross-cut saw with short teeth than a run-saw 
with long regular teeth. The lower slopes seen sideways fade away 
to the plains instead of plunging down steeply. Seen from Novara 
westward, the range of Monte Rosa is more like the Himalayan tops. 
The strata are seen dipping southwards, and their flat slabs have 
weathered into pyramidal tops. But even these slopes are not nearly 
so steep as the sides of Nunda Devi and Kanchinjunga. If theisland 
of Candia were in the plains of Lombardy, and Novara on the top of 
Ida, 7624 feet above the sea, and if Monte Rosa were 12,944 feet 
higher than it is, then the famous Italian view of the Alps might be 
compared to the view from Darjeeling. Here and there ridges and 
furrows and peaks of the Indian pattern are visible; but they are 
exceptional shapes in the Alps, not a rule almost without exception, 
as they are in India. Once for all, the general shape of the Alps, 
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which are glaciated, differs conspicuously from the shape of the Hima- 
layas and the Caucasus. I found a scratched pebble on the Turin 
Collino. The shape of the larger stones, which are dug out of the 
hill in large numbers for sale, issubangular. This upheaved marine 
formation dated “‘ Miocene ” suggests the action of rivers and the sca 
on glaciated stones. The stones of the Shivaliks suggest the action 
of running water only. Experts identify the Miocene Turin stones 
with parent rocks in the Alus. So the Alps existed and glaciers 
were on them in Miocene times. The Himalayas also existed before 
the Shivalik beds were formed; but these beds bear no record of 
any great change in the Indian climate or of large glaciers. Aé 
sight the Alps are glaciated, and the lower Himalayas are not. 

On the 12th of April I went to Ivrea. The place is situated, like 
Hirdwar and Dhada (27, 30), on the banks of a considerable stream 
which rises amongst glaciers, and, at the place where water gathered 
in a considerable basin, pours on the plain. From Hirdwar to the 
Ganges glacier is about a hundred miles. From Dhada to old snow 
is about four miles. From Caluso to the Col du Géant is, roughly, 
about a hundred kilometres, say sixty miles. To the north of the 
Ganges basin is the Buspa valley with glaciers in it flowing north- 
wards towards the Sutlej. To the north of the Col du Géant is 
the Mer de Glace flowing northwards towards the Rhone. To the 
north of Dhada on the next slope beyond the Dhaoladhar range 
are many large glaciers which flow towards the Ravee. In 1841 I 
walked over the Mer de Glace and the Col du Géant and saw 
small glaciers above Aosta shedding their moraines southwards. 
Thence down to Ivrea glacier-marks are conspicuous all the way. 
That I learned in 1841. Given a Glacial period, then the Ganges 
valley ought to be like the Val d’Aosta, and Hirdwar like Ivrea, the 
Sutlej valley like the Rhone, and the Lake of Geneva like the country 
near Puttankote on the Ravee, because of existing glaciers at these 
places. About Tiflis there ought to be similar records of a Glacial 
period, because glaciers are on the northern slope of the Caucasus 
now ; but the facts contradict theory. The glacial record is not 
general. , 

At Caluso a tunnel cut through a considerable hill of rolled stones 
is the entrance to a horseshoe-amphitheatre. A blue moraine-lake, 
Candia, one of four lakes of the same kind, is within, and a beautiful 
rich warm country of orchards in flower, green cornfields, and trel- 
lised vines, where nightingales were singing. I found cacti, birches, 
heather, and mountain pinks growing together, and the sun was 
powerful, though snow lay thickly about 2000 feet higher. In India 
this would be a Terai and a jungle haunted by elephants. This 
Italian plain country was haunted by elephants, for their bones are 
buried in recent soils. Indian elephants might live there now; for 
they flourish in a like climate in Cashmere. Last and west of the 
river Dora are the lateral moraines of the Val d’Aosta abutting 
against the open jaws of the gorge. All the rains that have fallen 
since they were shot out sideways from the delta of ice have scarcely 
furrowed these wonderful ridges. The left or east moraine is on the 
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outer side of a curve and is the longest. It is from 1500 to 2000 
feet high where it rests against the mountain near Andrate. It is 
1080 feet high where the Biela or Mongrando road crosses. It slopes 
from Andrate down to the plains regularly for 25 kilometres. It 
joins a curved rampart which sweeps round to Caluso for about 25 
kilometres and there joins the west lateral moraine which rises to 
the opposite mountain, and so walls in a small glaciated low country 
with three sides equal to 25 kilometres each. From Caluso to Ivrea 
is 20 kilometres, thence to Aosta by road 67, and thence it is a long 
walk to the Col du Géant and the ice. About Ivrea a band of bare 
rocks crosses from mountain to mountain and nearly from moraine to 
moraine. Through it the river has cuta channel. This region is ice- 
ground, grooved, and polished in the direction of the Val d’Aosta, 
with erratics perched here and there on the tops, and it is hollowed 
out into rock-basins which hold at least four small lakes. There are 
eight lakes within the moraine ramparts ; there are none outside. I 
went to Chiaverano and saw two in rock-basins and the usual grooves 
made by glaciers. Immediately above these glaciated rocks is the 
left lateral moraine, and near the top of it is a stone, if it be a loose 
stone, far bigger than any of the Kangra big stones. It is bigger 
than neighbouring farm-houses and it has a name. Near it is a 
water-furrow in which the structure of this mountain-moraine is 
clearly seen. The Biela road is only six years old. The sides of it 
give fresh sections of the hill-side for a height of 1080 feet and a 
distance of several miles. From top to bottom the materials are 
alike. I found scratched stones at the base near Bolengo, halfway 
up, and on the top of the ridge. I found samples apparently of all 
the rocks between Ivrea and the Col du Géant, of all ages, shapes, 
and sizes, granite, crystalline and soft, large angular blocks, and 
subangular, smooth, rough, scratched, and polished ; great and small, 
rolled, water-worn pebbles; sands and soils promiscuously heaped 
together, piled in the shape which is taken by rubbish now being 
heaved out by coolies at Madras to make a breakwater. ‘This is “a 
moraine.” It1is something very different from the Kangra “ deltas.” 
I saw no shells, but I take them on trust. Isaw stratified stuff low 
down. ‘There can be no question about the translation of my part of 
this record. A glacier flowed from the Col du Géant to the lakes of 
Viverone and Candia. It was 100 kilometres long (say sixty miles) 
and was about 2000 feet deep, and five kilometres wide at the top, 
when it passed over the bare rocks on which Ivreastands. As soon 
as it escaped from the gorge it spread out like a fan 25 kilometres 
wide upon the plain now walled in by the moraines. I suppose 
that the rampart of rocks at Ivrea protected certain soft marine beds 
of <‘‘ Pliocene” age lower down, on which this particular glacier 
flattened out, sunk down, spread, and melted. I know a Norwegian 
glacier, ‘‘ Supedle dals iis brae,” in Sogne, which is spreading upon 
the soil of a dale and pressing on it and melting without advancing 
or ploughing or digging, because the power isexpended. This Aosta 
glacier certainly ground the rocks in the Val d’Aosta, and it went up 
hill and down, and in and out of hollows. It scooped out four small 
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lake-basins, and made a deep hollow in the rocks behind Ivrea, which 
hollow probably held a large lake before the right lateral moraine 
was damaged by rivers. The rock-section of the Val d’Aosta is 
unlike the section of any gorge that I have seen in the Caucasus or 
in the Himalayas; but it is like the sections of many narrow 
Scotch glens and Norwegian dales. The shape of the rocks is 
different ; the stuff transported is different and differently arranged. 
The shape of the mountains is very different, taken as a range, or 
singly, or in detail. In short, at sight and after close examination, 
these lower southern Alpine slopes are glaciated, and the lower 
Caucasus and Himalayas and Celifornian slopes are not. But 
glaciers now exist on all these ranges, and the ranges have all ex- 
isted since Miocene times, according to experts. Butif so, a general 
Pliocene or Postpliocene glacial period ought to have made all 
glaciers grow on the same scale on all the ranges. The Ganges 
basin ought to be like the basin of the Dora, and the Ravee basin 
like it, or like the country near Chamounix. So far as my know- 
ledge and power of comparison extend, nothing can well be more 
different. I went up the Lago Maggiore in a steamer from Arona 
to Locarno, 62 kilometres in six hours, and back again. My object 
was to compare one large Alpine rock-groove with another in the 
Himalayas at Darjeeling. In India I lived for a fortnight on the 
edge of a spoon-shaped furrowed hollow some 80 miles long, and 
generally looked down upon a roof of cloud. I lived under a roof 
of cloud for a week in Italy, and the clouds sent down rain and 
snow in the middle of April. JI lived in a spoon-shaped hollow 
about as big as the valley of Siccim. Both are rock-basins in that 
their edges are solid rock. But the Italian spoon is deep within, 
and holds a lake whose surface is level with the plain; whereas the 
Indian spoon, though far deeper, has a continuous slope for 80 miles, 
and ends at a narrow gorge, like the Val d Aosta at Ivrea. If the 
Siccim spoon were mended by a moraine as big as the moraines at 
Ivrea, it would hold a lake proportional to the depth of the dam. 
It would hold a lake if another fold of flat Terai were to be crumpled 
up against the foot hills after the Shivalik fashion. If the Thibet 
end sunk enough, Siccim would be a lake. If the Swiss end of the 
Italian spoon, were raised enough, the Lago Maggiore would flow 
out. Any amount of damming or tilting required to fill or to empty 
these hollows has been far exceeded by the crumpling of strata 
formed at the sea-bottom between Arona and Siccim. But no pos- 
sible damming or tilting could make these two hollows alike. They 
are both valleys of erosion, at sight. The Italian geologists who 
know their country best have no doubt about their valleys; I have 
none, after seeing the land above water on a broad belt which sur- 
rounds the world. At sight the Italian rock-grooves have been 
greatly worn by glaciers and, since the local glacial period, by water. 
At sight the Indian grooves have been eroded by water alone. 
Immediately behind Locarno, which is at the fork of two long 
valleys, on steep ground, which I take to be an old moraine, are 
many deep water-furrows of the Himalayan pattern on a small 
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scale. The flat point below Locarno, which is creeping out into the 
lake, manifestly is a compound delta of pebbles washed into the chief 
rock-groove, which is full of water and was full of ice up to the far 
higher level of the moraine stuff. The cloud roof of the 18th and 19th 
of April marked out the shape of the ice. The cloud roof in Siccim 
marked out a different shape, like that of the artificial lake at 
Ootacomund, a sharp angular zigzag line of coast like that of the 
Black Sea below the Caucasus, instead of a curved coast like that of 
the Italian lake. or of a Scotch firth, or a Norwegian or American 
fjord. In Greenland under ice there can be no furrowing by side 
streams. In Scandinavia the side furrows in dales are shallow and 
far apart; they are deeper and nearer together in Scotland. In 
Italy they seem to be deeper, and each has a delta proportional to 
its size. Many of the little towns are built on these deltas, with a 
bridge at the apex in the jaws of the gorge. In the Caucasus, about 
the same latitude, these water-furrows are deeper by far; but they 
are separated by wide slopes and undulating tablelands. In the 
Rocky Mountains the furrows are cafions, deeper and further apart. 
In the Himalayas the water-furrows are almost invariably separated 
by ridges of exceeding sharpness, like furrows and ridges in ploughed 
land. From this comparison I drew the conclusion that the last Alpine 
glacial period was European, not Asiatic, and not American ; that t 
was local, not general. Isaw all these mountain-ranges between 
Sept. 1873 and April 1877 ; I began in 1841 near the place where 
I ended, near the snow-sheds of the Alps, fresh from Kanchinjunga. 
On the 21st I went back te Turin on a very fine bright clear day, at 
first through a jungle of birch, and over the moraines of the Lago 
Maggiore glacier, which make an amphitheatre of stony gravelly 
ridges, which extend as far as I could see eastward, and fringe the 
lake-district. They fade away to the plain near Novara, a slope of 
gravel. Atthe base of it begins irrigation, like rice-flats in the 
Kast, from canals like the Ganges canal in miniature. On the 22nd 
I started for London and got there in 37 hours. While travelling 
swiftly to Calais, Atlantic weather and a heavy shower met the 
train, and a stormy sea-wind drove drops diagonally athwart a 
window. They wriggled like long-tailed tadpoles on the glass, 
leaving joints of their tails behind them. The glass dried and these 
occurrences were recorded on the window in dust, sorted by wind 
and water. Tracks all over the world’s surface are records equally 
clear for those who have learned to read them, by seeing them 
written. The tracks of ice and of water are as clearly written 
upon the world’s surface in India and in Europe; but I have failed 
to discover any record of a Glacial period upon the surface of the 
globe. 


VI. Conclusion. 


45. All that I have learned about ice and ice-marks since 1840 
teaches that “the Glacial period” is terrestrial, not celestial ; 
meteorological, not astronomical ; that old glacial marks record local 
changes of climate on the large scale which resulted from local 
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changes of level, and from consequent changes in the position of 
land and sea, and of currents of air and water, like those which now 
circulate. I hold to “ continuity.” The cold Atlantic current now 
makes Greenland the chief condenser in the northern hemisphere ; 
and consequently an area about as great as India is there smothered 
in ice, which flows down to the sea-level in latitude 60° N., and 
drifts away to lat. 37°. The warm Atlantic current now flows 
northwards along the coast of Europe, and consequently the sea is 
clear of ice beyond lat. 71° N. These two very different climates 
on opposite coasts result from oceanic and atmospheric circulation. 
But Scandinavia was like Greenland. It has risen above its old 
level, which is conspicuously marked along the whole coast. Great 
abundance of sea-shells proves the change. The cold Arctic current 
once passed southwards, to the east of Scandinavia, instead of to the 
east of Greenland. It is shunted by arise of land. Scandinavian 
ice which now is perched on a few high spots was at some late 
time as heavy, as deep, and as wide as ice now is in Greenland. 
That I consider proved by records inscribed on the whole peninsula. 
At that time, as I now suppose, Scandinavia was the chief northern 
condenser, with glaciers launched about lat. 60° N., drifting to 37°. 
Greenland may then have been, like Scandinavia, a land with few 
glaciers and a climate as warm. Corn grows near the North Cape. 
Greenland ice drifts to latitude 37°. American plains are strewed 
with large glaciated stones and rolled gravels down to latitude 37°. 
If these plains were sea-bottoms, as some parts of them certainly 
were, because of their marine fossils, the cold stream which is now 
felt near Florida would swing westwards over the plains, carry drift, 
and cool the climates of lands near it, near the Rocky Mountains, 
as it does now in Florida*. When the cold stream passed over 
Northern Russia it probably fixed the condensing area. LErratics in 
Poland and in Northern Germany probably were dropped from ice- 
bergs and ice-rafts like those which now drift in the Atlantic in 
the same latitude. The margins of the European ocean are marked 
by terraces on hill-sides in Britain and in Scandinavia, on the Cau- 
casus, and, as I believe, on the Alps. Recent and Tertiary sea-shells 
have been found high up and fai inland in Scandinavia, in Northern 
Russia, in Britain, in Italy, and elsewhere. As I translate this 
geological record inscribed upon opposite coasts and mountains, it 
means late large local changes in the relative positions of sea and 
land, and consequent local changes in climate, like those which are 
proved by marine fossils of all ages. Above lat. 33° N., about long. 
77° to 76° E., north of Kangra, in the Himalayas, is a large conden-~ 
sing area, high enough for large glaciers to form in great abundance. 
They grow there, because that high region now is in the course of 
a damp wind, which passes over Sind without condensing. When 
that part of the circulating atmosphere has passed over the con- 
denser, it has little moisture left in it. Further northis a “ rainless 
district ;” and high hills beyond it, far north in Asia, grow no glaciers 


* T have to thank Dr. Hayden for many valuable publications of the Ameri- 
can Geological Survey. 
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in the latitudes of Greenland. That existing local glacial Asian 
climate is due to elevation and to atmospheric circulation. But 
some of the rocks in that region were formed at the bottom of a 
warm sea; for they contain Ammonites. Others are Silurian. 
That local Asian glacial climate results not from a glacial period, 
but from a great local change in level, and in the position of land 
and sea ; it is a result of normal atmospheric circulation, evaporation, 
and condensation, which must have gone on during geological time. 
I suppose that like changes have produced like effects throughout 
sedimentary geology. Scratched stones are in Permian rocks ; there 
may have been Lawrentian glaciers without any abnormal period of 
cold. So long as my knowledge of ice-records only reached to the 
borders of the Atlantic basin, something abnormal seemed necessary 
to account for the facts; but when I found that these large 
records are local, nothing abnormal was needed. ‘Things as they are 
account for things as they were. No signs of large glaciers are 
anywhere near lat. 37° N. about the Pacific basin on either side, in 
the Californian plains, in Oregon, or in Japan, or China about 
Shanghai, Hong-Kong, or Canton. I could find nothing glacial at 
Singapore, or in Java, or in Ceylon, or in India up to lat. 32°N.; but 
from lat. 27°-28° northwards, on the hills, sedimentary rocks which 
formed at the sea-bottom, and are the tops of the Himalayas, are 
high enough now to condense vapour into glaciers even in the same 
latitudes as the deserts of Arabia and the hottest regions on earth. 
Between August 1873 and May 1877 I went round Europe, round 
the world, and through India, searching for records of the ice-cap in 
vain. Instead of finding drifted stones nearer to the equator than 
drifting ice, which a glacial period requires, I have only been able 
to find drifted stones as far south as drifting ice, and only in one 
place, near St. Louis. JI have sought in vain for evidence to proye 
that the world’s climate has been colder, which I have been taught 
and once believed. Because all my facts taken together tell against 
Glacial periods, I have ceased to believe in them. Because these 
facts very clearly disprove the case made for the northern “ Ice- 
cap,” I refuse to accept an improbable theory as if it were prob- 
able or true. With these theories stand or fall those which were 
invented to account for them. 

Vast sheets of polar ice did not climb over the Alps, the Caucasus, 
the Himalayas, and the Rocky Mountains, leaving sharp ridges there 
between 11,000, 18,000, and 28,000 feet high. There is no record 
of the passage of any such ice-sheet in gaps between these mountain- 
chains, at Constantinople, about the Caspian, in the Punjab, on 
the shores of the Pacific Ocean. Polar glaciation and records of it 
belong to the Atlantic basin. I hold that the present ‘‘ Period” 
has existed on earth since the globe cooled a very long time ago, and 
that it will go on growing to the coldness of outer space while the 
world lasts. 

I beg to refer to the papers above mentioned and to this paper 
for facts on which my conclusion is based. 

My opinion is that the present is at least as cold as any “period” 
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of which there is any geological record, and that it 
has endured ever since any part of the earth’s sur- 
face was high enough and cold enough to be a con- 
denser of snow. TI hold that the record of sedi- 
mentary geology is continuous, and does not record 
periods of great cold. I will exchange my opinion 
for an equivalent of facts; meantime I submit 
it with my facts to the Society to which I have 
the honour to belong, after studying the subject 
for nearly forty years*. 

I have tried to express the facts relied upon by 
a diagram. The diagonal line expresses height 
above the sea-level. At 60° glaciers now enter 
the sea. Icebergs drift in the sea to 37° N. and 
to 36° 8. Glaciers now exist in the Himalayas 
at 27°N. 

The limits of ancient glacial action, recorded 
by marks, do not extend beyond these latitudes, 
so far as I have been able to discover. 


P.S.—January 13, 1879.—Since this paper was 
presented in May 1877, I have cruised about the 
Hebrides several times, and printed a paper on 
the Parallel Roads of Glenroy, which I hold 
to be “‘ sea-margins,” like others on Scotch and 
other coasts. I have been up the Nile beyond 
Thebes, in Syria, at Jerusalem, and along the = | & 
coast of Asia Minor. I sought carefully and 
found no records of glacial action about that part 
of the Mediterranean. Iam prepared to maintain 
that the Nile valley, the Red Sea, and the Valley 
of the Jordan differ from “ firths ;’ that the Dead 
Sea and neighbouring lakes, the Caspian, and the 
Black Sea are not ‘lakes of glacial erosion,” but 
hollows otherwise formed, probably by great move- 
ments and bending in the earth’s crust. These 
are indicated by sea-shells at Suez and otherwise. 
I have read much on the subject of glacial action, 
nothing that shakes my confidence in the con- 
clusions stated in this paper, but a good deal 
which leads me to hope that many leading geo- 
logists at home and abroad will be of my opinion 
if they read this abstract of the geological work 
of some forty years. 
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* A globe coloured to show the present position of ice, 
so far as known to the author, was shown on the 26th of 
June, 1877, at the rooms of the Society, together with books 
of sketches and rubbings, geological and other maps, in 
illustration of this paper. These were removed on the - 
30th of June, and can be referred to at Niddry Lodge, a = 2 
Kensington, W. Ses 
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9. On the Range of the Mammorn in Space and Time. By W. 
Borp Dawkins, Esq., M.A., F.R.S., Professor of Geology and 
Paleontology in Owens College. (Read November 6, 1878.) 


ConrTEenTs. 
. Introduction. 
. The Mammoth Preglacial in the South of England. 
The Mammoth Preglacial in Scotland. 
The Mammoth Preglacial in Cheshire. 
The Mammoth a member of the Fauna of the Forest-bed, 
The Mammoth Postglacial and Glacial in Britain. 
. Range in Europe, Asia, and America. 
» Relation to Indian Elephant. 
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1. Introduction. 


Tue Mammoth is one of the most important animals for purposes 
of classification, on account of the large size and abundance of its 
remains, and because of its range in ancient times over more than 
one half of the land-surface of the world. According to some 
authorities, among whom may be reckoned M. Lartet*, it is taken 
to characterize an early stuge in the history of the Paleolithic 
caverns of France and Belgium, and according to others, among 
whom may be reckoned Dr. James Geikie 7, to have found its way 
into Europe after the Glacial period ; it is supposed to have disap- 
peared from Europe before the close of the Glacial period. In Dr. 
Falconer’s ¢ opinion it was a Pre- as well as a Postglacial inhabitant 
of Britain, a view which I was unable to accept on the evidence 
offered at that time$. The new materials, however, accumulated 
during the last ten years render it advisable to reexamine the 
evidence by the light of a wider experience. The results of a re- 
examination which are brought before the Society this evening show 
that Dr. Falconer’s conclusion as to the Mammoth being Preglacial 
in Britain is fully justified; and the additional details brought to- 
gether since his death merely serve to fill in to some extent the 
picture of the life and times of the mammoth, without affecting the 
outlines drawn by the hand of the master ||. They show that the 
animal lived in Cheshire and the South of England, and probably 
also in Scotland, before the deposition of the Boulder-clays by glaciers 
and icebergs, and that it roamed over the region now covered by 
the North Sea, in company with the Hlephas meridionalis, Cervus 
Sedqwickii (= C. dicranios, Nesti), and other animals of the forest- 
bed of Norfolk and Suffolk. 


2. The Mammoth Preglacial in the South of England. 


The first case to be examined is that of the elephant found in Sus- 
sex. The memorable paper of Mr. Godwin-Austen, on “The Newer 


* Comptes Rendus, xlvi. Séance 22 Février, 1858. 

+ ‘Tee Age.’ { Paleeont. Mem. ii. p. 240. 

§ Popular Science Review, 1868, p. 275; Geological Magazine, July 1868. 
|| Paleont, Mem. i. p. 239. 
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Tertiary Deposits of the Sussex Coast,” brought before the Society 
in 1857%*, called attention to the fact that a layer of glacial clay 
with erratics, some of very large size, was to be seen in the low 
and broken line of cliffs extending from Pagham Harbour on the | 
east, past the little village of Selsea, to Bracklesham on the west, 
and that this rested on a deposit of estuarine mud, below which 
were lenticular patches of red ferruginous gravel lying on the eroded 
surface of the Eocene strata. In “the mud-bed,” from time to time, 
many bones and teeth of elephant, found in juxtaposition, prove 
that whole carcasses had decayed in this spot. These were originally 
assigned to the mammoth; but on subsequent examination by Dr. 
Falconer they turned out to belong to his new species, the narrow- 
toothed, straight-tusked Hlephas antiquus. Although the mammoth 
has been quoted from this horizon in 1870+ by Mr. Godwin-Austen, 
and in 1878 by the editors of the new edition of Dixon’s ‘ Geology 
of Sussex,’ I am unable to obtain any further evidence on the point, 
and it is very probable that the species is not the mammoth, but the 
Elephas antiquus. 

Whatever doubts may be thrown on the occurrence of the mam- 
moth in Preglacial strata at Selsea, its presence in Hertfordshire 
before the period of the Boulder-clay was proved in 1858 by the 
discovery, by Prof. Prestwich, of a tooth and tusk in a bed of gravel 
underneath the Boulder-clay of Bricket Wood in the railway-cutting 
between Watford and St. Albans. ‘The animal, therefore, was living 
within the area of the London Basin before it was submerged beneath 
the sea, on which the icebergs were carried as far south as the line 
of the Thames, or, in other words, before the time when the drift 
of icebergs in Britain arrived at its maximum extension to the south. 
In this sense, then, it may be said to be Preglacial in the South of 
England. 


3. The Mammoth Preglacial in Scotland. 


Several cases of the discovery of its remains in the Boulder-clays 
and subjacent deposits render it very probable that it was also an 
inhabitant of Scotland in Preglacial times. Nine or ten tusks and 
a molar tooth have been discovered from time to time, in a peaty 
clay underneath the “till,” at Woodhill quarry §, Kilmaurs, Ayr- 
shire, along with the antlers of reindeer, and various insects and 
freshwater plants (pond-weed and ranunculus), under conditions 
shown in the following section (fig. 1). From their position below 
the Boulder-clay these remains are considered by Dr. Bryce, from 
whose paper the above section is borrowed, as well as by Mr. Young, 
to be preglacial. Dr. James Geikie, however, refers this stratum of 
‘ Boulder-clay to the later || of the two Scotch Boulder-clays, and 


* Quart. Journ. Geol. Soc. (1857), xiii. p. 50. 

t Ibid. (1871), xxvii. p. 26. { Geologist, 1858, p. 268. 

§ Dr. Bryce, Quart. Journ. Geol. Soc. xxi. p. 213; Mr. J. Young, ‘The 
Antiquity of Man,’ p. 292 (last edit.) ; Prof. Archibald Geikie, ‘‘Phen. of Glacial 
Drift of Scotland,” Trans. Geol. Soc. Glasgow, i. part ii. 

|| Dr. James Geikie, ‘Ico Age,’ 2nd edit. p. 160. 
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places the stratum with the mammoth in his “ Interglacial period.” 
A second example of the discovery of mammoth in association with 
the Boulder-clays is that of a tusk found, at a depth of fifteen to 


Fig. 1.—Section of Drift-beds at Kilmaurs. 
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twenty feet from the surface, by the eminent engineer Mr. Bald*, 
at Clifton Hail, in the valley of the Forth, at the beginning of this 
century. A third instance is offered also by the remains at Chapel 
Hall, near Airdrie, in laminated sand under the * till.” These cases 
are taken by Mr. Jamieson to prove that the mammoth lived in 
Scotland before Glacial conditions had set in in Northern Britain ; 
and his conclusion seems to me to be probably true. 


4. The Mammoth Preglacial in Cheshire. 


If, however, the true relation of the strata with mammoths in the 
above cases to the lowest Glacial deposits of Scotland be considered 
doubtful, the Preglacial age of the mammoth in Cheshire is defi- 
nitely set at rest by the discovery made by Mr. Bloxsom in March 
1878, in sinking a shaft for the new Victoria Salt Co. near North- 
wich. The travelling cylinder used in the operation cut through 
the fossil-tooth of ‘some gigantic animal,” which was sent to me for 
identification. It proved, on comparison with remains in the British 
Museum, to be a fragment of the last lower true molar of the mam- 
moth, left side, composed of the last seven plates with the talon, 
and measuring 5°5 inches long by 2:5 and 1°8 broad. From an 
examination of the matrix it had evidently been imbedded in a fine 
sand highly charged with dark carbonaceous particles. 

The precise conditions of its discovery are shown in the following 
section (fig. 2), the details of which have been furnished by the 
kindness of Mr. Bloxsom. ‘The tooth was found at a depth of sixty- 
five feet from the surface of the ground, in the sand No. 1, at the 
point marked A in the figure. 

The overlying Boulder-clay, as may be seen from the horizontal 
geological section, sheet 64, made by Prof. Hull, extends without a 
break from Northwich to Aston ; it reappears near Millington Hall, 
and extends, except where it is cut through by the river Bollin, 
under the middle-drift sand and gravel of Bowdon, and thence in a 


* Mr. Bald, Wernerian Soc. Mem. Edinb. iy. p. 58, 
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north-easterly direction over Manchester, until it plunges under the 
same series of sands at Cheetham Hill. These middle sands in their 
turn are capped by the upper Boulder-clay of Newton, Fairfield, and 
Droylesden to the east of Manchester. The Boulder-clay of North- 


Fig. 2.—Section of New Victoria Salt-Company’s Shaft, Northwich. 
(Scale =, inch to 1 foot.) 
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wich, therefore, is the lower of the two Boulder-clays of the Lanca- 
shire and Cheshire plain, and the sand beneath it with the mammoth 
belongs to a yet earlier age, or, in other words, is older than the 
first phase of the Glacial period, of which traces have been met with 
on the western side of the Pennine chain. 

The series of sands and gravels underneath the lower Boulder-clay 
has been proved by Mr. Binney* to be very persistent in Lancashire 
underneath the lower Boulder-clay, resting very generally on the 
eroded surface of the Carboniferous, Permian, and Triassic rocks. A 
section recently exposed close to Birch Church, Rusholme, proves 
that it is more than fifteen feet thick on the south side of Manchester. 
The sharp sand and rounded pebbles of which it is composed render 
its marine origin very probable, the only fossil hitherto discovered in 
it being the tooth above described. 

The remains of the mammoth have been found on the borders of 


* Proceedings Lit. and Phil. Soc. Manchester, 19 March and 12 Noy, 1872; 
Statistical Society of Manchester, 1841. 
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the Lancashire and Cheshire district ; in Derbyshire, in a cleft of the 
Mountain Limestone at Dove Holes near Buxton (Binney) ; in a cave 
at Gelly Dale near Castleton (Pennington and myself); and in Staf- 
fordshire at Copenhall near Crewe, in a cutting of the London and 
North-western Railway (Sir P. Egerton). In all these cases the 
relation of the deposit in which the remains were found to the 
Boulder-clays is uncertain. 


5. The Mammoth a member of the Fauna of the Forest-bed. 


The Mammoth was considered by Dr. Falconer to be a member of 
the peculiar fauna of the Preglacial Forest-bed, because its remains 
were met with in the same mineral condition as the other Forest-bed 
Mammalia cast up by the sea at the foot of the Norfolk cliffs. In 
1868* I saw reason to doubt this conclusion, and to believe that 
they were derived from the Postglacial gravels on the top of the 
cliffs, or from the late Pleistocene ossiferous deposit on the Dogger 
Bank. Since that time, however, I have been led, from the exa- 
mination of specimens which Dr. Falconer never saw, and from a 
consideration of the associated fauna, to hold that his judgment in 
this case is probably correct. The objection that the animal may have 
been derived from newer deposits is met by the fact that the Forest- 
bed fauna contains no less than eighteen out of a total of twenty- 
six mammals which are proved to have been its contemporaries by 
discoveries in other places. The mammoth, as Dr. Falconer pointed 
out, was of an elastic constitution, so that its presence in a group 
of animals not now living in cold countries is not rendered impro- 
bable by its habits of life. The probability also is considerably 
strengthened by the fact of its being proved to have been an inha- 
bitant of Britain before the Glacial period, from the above-mentioned 
discoveries in the south and west of England and in Scotland. 


6. The Mammoth in Britain before, during, and after the Glacial 
period. 


In the late Pleistocene deposits of Britain the mammoth is the 
most abundant animal, being found in eighty-two cases out of 148 
localities tabulated in an essay brought before this Society in 
1869, and very generally along with the reindeer. Some of the 
river-deposits, such as those of Hoxne and Bedford, are clearly of 
Postglacial age, in the sense of being after the layer of Boulder-clay, 
considered by Mr. Searles Wood the newerof the two clays. It has 
also been found in abundance in the lower brick-earths of the Thames 
valley, at Ilford, Erith, and Crayford, which probably belong to a 
period before the Glacial aget. It is also, as has been shown in the 
preceding pages, Preglacial in Cheshire, Hertfordshire, and Norfolk, 
and probably also in Scotland. From these considerations it follows 
that, while the temperature was becoming sufficiently lowered to 


* “Range of the Mammoth,” Pop. Sci. Rev. 1868, p. 285; “The Age of the 
Mammoth,” Geol. Mag. v., July 1868. 
tT Quart. Journ. Geol. Soc, xxy. p. 192-e¢ seg. + Ibid. xxiii. p. 91 e¢ seg. 
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allow of large masses of ice depositing their burdens over Britain 
north of the Lower Severn and the Thames, the animal would be 
pushed southwards into other districts where the climate was not so 
severe. In other words, it may be termed Glacial. When the con- 
ditions of life became less severe the animal found its way along the 
river-valleys of this country as far north as Yorkshire on the east, 
and the line of the Trent and Holyhead on the west. North of this 
line it is conspicuous by its absence from Postglacial deposits of 
sand and gravel. For this I should be inclined to account on the 
hypothesis that this area was defended from the invasion of the 
mammoths, and, it may be added, of the associated animals*, by a 
system of glaciers radiating from the hills of Wales, Cumberland, 
the Pennine Chain, and Scotland, which did not melt away much 
before the mammoth became extinct, and possibly also by a sub- 
mergence of the low districts. 

In these remarks ossiferous caverns containing the remains of the 
mammoth have purposely been omitted, because it is impossible to 
tell with certainty their precise relation to the Glacial period. 


7. Range in Hurope, Asia, and America. 


The caverns and riyer-deposits of France present us with traces 
of the mammoth in enormous abundance, and the animal is known 
to haye ranged into Spain y, from the discovery of specimens in the 
zinc-mines of Santander. Thanks to M. Lartet and Dr. Falconer, it 
has long been known to have lived in the neighbourhood of Rome 
at a time when the volcanoes of Central Italy were active, and 
poured currents of lava and threw clouds of ashes over the site of 
the imperial city. It is abundant in northern and southern Ger- 
many, but it has not been found north of a line passing through 
Hamburg, or in any part of Scandinavia or Finland. It occurs in 
the auriferous gravels of the Urals; and in Siberia, as is well known, 
it formerly existed in countless herds, being buried in the morasses 
in large numbers, in the same manner as the Irish Elks at the bottom 
of the Irish peat-bogs. The admirable preservation of some of the 
carcasses is undoubtedly due to their having been entombed directly 
after death, and then quickly frozen up, a process which need not 
necessarily imply, as Mr. Howorth has lately suggested that it does 
imply, climatal conditions unlike those of the present time in Siberia. 
In unusually warm springs, the warm waters borne down by the 
great rivers from their southern warm sources thaw the frozen 
morasses with incredible rapidity, so that the hard ice-bound 
“tundra” becomes quickly conyerted into a treacherous bog. In 


* Dawkins, ‘ Cave-hunting,’ p. 406. 

+ The other localities in Spain for the mammoth, given by Prof. Calderon 
(Quart. Journ. Geol. Soc. xxxiii. p. 129), are doubtful, because the proboscidean 
remains in Miocene and Pliocene strata, referred by various Spanish authors 
to that species, are accepted without criticism. Those from Santander have 
been described by Prof. Sullivan and O'Reilly, and determined by Prof. Leith 
Adams to belong to the mammoth, 
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the exceptionally warm season of 1846*, the mammoth discovered 
by Lieut. Benkendorf on the banks of the Indigirka was thawed 
out of the tundra until it was revealed to the astonished eyes of the 
beholder, standing on its feet in the position in which it had been 
bogged. Had any elks or reindeer been in that spot at that time 
they might have been entombed in the same way, and preserved 
by the frosts of the winter till they were liberated again by the 
rare chance of their place of sepulture being invaded by warm 
floods from the south. The thaw in that year proceeded so rapidly 
that Lieut. Benkendorf and his Cossacks narrowly escaped the 
alternative of being entombed in the soft morass, or of being swept 
out northwards into the Arctic Sea, as his mammoth was, to join 
the vast assembly of mammoths and reindeer and other animals 
which have been swept down in a similar fashion. 

The remains of the animal occur throughout Russian Asia; and 
the singular notice of fossil ivory being brought for sale at Khiva, 
by an enterprising Arabian traveller, Abou-el-Cassim, in the middle 
of the tenth century, applies to the mammoth from the old Bulgaria 
on the Lower Volga‘. 

Nor is a variety of the mammoth absent from Asia Minor, since 
the remains of an elephant (Z. armeniacus ), discovered near Erzeroum, 
have been determined by Dr. Falconer to be intermediate between 
the mammoth and the Indian elephant. And it is an interesting 
fact to note that in Asia Minor, as in the Pleistocene of Europe, it 
is associated with the horse, stag, bison, and woolly (?) rhinoceros, 
all of which are described by Dr. Brandt from Persia in 1870. 

The elephant? was living in the valley of the Euphrates in the 
sixteenth century before Christ, when that district was invaded by 
the Egyptians, since a great hunting of elephants by the Pharaoh, 
Thothmes III., in the neighbourhood of Nineveh, has been recorded 
in an Egyptian inscription published by M. Chabas. This im- 
portant discovery brings Hiephas armeniacus into the same geo- 
graphical region as the Indian elephant (whichever variety or 
species those in question may have been), and shows that the 
fossil and living elephants of Asia in ancient times were not sepa- 
rated from each other by impassable geographical barriers or wide 
spaces of mountain and desert. 

* Middendorf, ‘ Sibirische Reise,’ iv. ‘ Die Thierwelt Sibiriens,’ p. 1082. 4to. 
1867. This account is translated in my essay on the ‘‘ Range of the Mammoth” 
quoted above. 

t ‘Les Peuples du Caucase, ou Voyage d’Abou-el-Cassim,’ par M. C. D’Ohsson, 
page 80. ‘On trouve souvent dans la Boulgarie des os (fossiles) d’une grandeur 
prodigieuse. J’ai vu une dent qui avait deux palmes de large sur quatre de 
_ long, et un crane qui ressemblait 4 une hutte (arabe). On y déterre des dents 
semblables aux défenses d’éléphants, blanche comme la neige et pesant jusqu’a 
deux cents menns. On ne sait pas a quel animal elles ont appartenu, mais on les 
transporte dans le Khoragur (Kiva), ot elles se vendent a grand prix. On en 
fait des peignes, des vases et d’autres objets, comme on fagonne livoire; toute- 
fois cette substance est plus dure que l’ivoire; jamais elle ne se brise.” 

This is extracted by the learned D’Ohsson from an Arabic manuscript of the 
middle of the tenth century. 

¢ Chabas, ‘Etudes sur I’ Antiquité Historique d’aprés les sources égyptiennes,’ 
2nd edit. p. 124. 
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The animal ranged over the whole of North America, from the 
frozen cliffs of Eschscholtz Bay as far south as the Isthmus of 
Darien—the Elephas americanus of Leidy* and the EL. Columbit of 
Falconer (Z. texianus, Owen) being mere varieties of the same sort 
as those observable in the Kuropean mammoths, founded merely on 
the relative width and coarseness of the plates composing the grinders ; 
while the #. Jacksoni of Billings merely supplies a slight variation in 
the form of the lower jaw. 

Thus the mammoth ranged in ancient times over nearly the whole 
of the land of the northern hemisphere; and it is most important to 
note a singular fact in the distribution of the varieties with grinders 
composed respectively of narrow and wide plates. Just as in Kuro- 
Asia the variety with its grinders composed of narrow plates has its 
headquarters in the north, and is replaced in Asia Minor by the 
variety with wide plates in its grinders (the Z. armeniacus of Dr. 
Falconer), so in America is the narrow-plated form replaced in the 
southern parts of the continent by the H. Columbi. These differences 
may be the result of the use of different food in the northern and 
southern regions. 


8. Relation to Indian Elephant. 


The next point to be considered is the relation of the mammoth 
to the Indian elephant on the other side of the barrier of deserts and 
mountains of Central Asia. On analyzing all the characters of the 
dentition, we find that the ridge-formula and the succession of the 
teeth are the same, and that the last grinders are so alike that a 
lower molar of Z. indicus has been figured by one of our most dis- 
tinguished anatomists as that of a mammothy. In Dr. Falconer’s 
classification, Hlephas Columbi, E. indicus, and E. armeniacus are 
grouped together, their teeth being built on the same plan§, 
*Colliculi approximati, macheridibus valde undulatis ;” while next 
to them comes ZL. primigenius, ‘‘ Colliculi confertissimi, adamante 
yalde attenuato, machzridibus vix undulatis.” The differences ex- 
pressed in these definitions seem to me to be merely of degree, and 
not of kind. Nor are the differences in the skeletons greater than 
those of the dentition. The possession of hair and wool depends, to 
a large extent, on climate, so that the covering of the Siberian 
mammoth cannot be taken to be a specific character. 

On the present evidence the two seem to me to be so closely related 
that the mammoth may be taken as the ancestor of the Indian ele- 
phant; and it is highly probable that the latter has put on those 
trifling characters by which it is distinguished in the untold ages of 
its sojourn in the tropical forests of India—characters, be it remem- 
bered, of the same order as those observed in the dentition of Hlephas 
Columbi of the warmer regions of North America, and the /. arme- 


* «U.S. Geol. Survey of the Territories,’ F. V. Hayden, vol. i.; Leidy, 
‘Extinct Vertebrate Fauna of W. Territories,’ p. 238. 

+ For the details relating to these forms, see Falconer, Pal. Mem. ii. p. 212, 

{ Owen, Brit. Foss. Mammals, fig. 90. 

§ Pal. Mem. i. p. 14. 


Q.J.G.8. No. 137. L 
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niacus of Asia Minor. TI feel inclined to view them as two well- 
marked varieties rather than as two distinct species. 


Discussion. 


Dr. Lerru Avams stated that teeth from Ohio in the Royal College 
of Surgeons and in Paris were certainly those of the Mammoth, 
although Prof. Marsh has asserted that the Mammoth has not been 
found south of the Columbia river and east of the Rocky Mountains. 
He thought it possible that Hlephas Columbi, E. armeniacus, and E. 
indicus might be the same species, but that HL. primigenius was 
distinctly different. The Mammoth was more nearly allied to the 
Asiatic than any other elephant. He gave instances of thick- and 
thin-plated teeth occurring in the same district in Britain; in none 
did we, however, get crowns like the teeth of the Indian elephant. 
Hence he did not think there was evidence at present for running all 
these species together. 

Mr. CuarLEsworTH commented on some popular representations 
of the Mammoth ; and asked if Prof. Dawkins thought the elephant’s 
teeth in the Norwich Crag were those of EL. primagenius. 

Prof. Owrn asked whether the evidence for the discovery of the 
tooth of #. primigenius under the Lower Boulder-clay was satis- 
factory, instancing mistakes that had been made in the case of Cervus 
megaceros, Which had been asserted, though on defective evidence, to 
occur in the peat-bogs, whereas it appeared that really it was in the 
underlying shell-marl. 

Mr. J. Evans said that a Committee had been appointed at the 
last Meeting of the British Association at Dublin to investigate the 
occurrence of the Cervus megaceros in Ireland. He would have been 
glad if Prof. Boyd Dawkins had also attempted to trace the pedi- 
gree of the Mammoth upwards as well as downwards. He could 
not accept Mr. Howorth’s view of a cataclysmic cause for the 
destruction of the Siberian Mammoth and the preservation of its 
remains. 

Prof. Szrrzy stated that Dr. Falconer considered Hlephas primi- 
genius very closely allied to #. indicus ; in fact he always examined 
the mineral character of the specimen, as the speaker had seen when 
he went over a large collection made by Prof. Sedgwick, and con- 
tained in the Woodwardian Museum. 

Dr. Hicxs asked as to the nature of the Boulder-clay and 
whether the blocks contained in it were angular or rounded. He 
inquired whether the evidence was sufficiently satisfactory that it 
belonged to the Lower Boulder-clay, and was not simply derived 
from it in subsequent changes. 

Prof. Hueues said that he doubted the glacial origin of any of the 
series of deposits described by Prof. Boyd Dawkins, and stated that 
the Boulder-clays of Cheshire only belonged to the later part of the 
Glacial epoch. They were marine and resorted. He thought the 
same of the Hertfordshire drift. 

Dr. Woopwarp said that he had recently been along the Norfolk 
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coast with Mr. Gunn, who still adhered to his opinion that Elephas 
prumgenius was not found in the Forest-bed. He called attention to 
the probable commingling of Indian and African types in the valley 
of the Euphrates, as shown by the Assyrian sculptures. 

Prof. Bory Dawxr1s, in answer to Prof. Owen, said that the sec- 
tion of the deposits near Northwich in which the Mammoth tooth was 
found was made by the engineer who had made the boring and had 
sent him specimens; and he gave reasons for holding that the Boulder- 
clay was not remanié, but the true Lower Boulder-clay. It contains 
numbers of large striated blocks from Cumberland and Scotland, and 
no marine shells. That was the case in the clay he had described, 
which extended from Northwich to Manchester, and had nothing to 
do with that of Cheshire referred to by Prof. Hughes. He did not 
know that there was any important difference between the blocks in 
the Upper and Lower Boulder-clay. He thought that if Prof. 
Leith Adams would examine the teeth in the museums of Florence, 
Bologna, and Lyons, he would find that the narrow-plated Mammoth 
teeth did shade off into wide-plated varieties, and that the species 
was not so definite as he appeared to think. As regarded Cervus 
megaceros, it occurred in Ballybetale bog in peaty mud above the 
clay, and extended up to close below the upper friable peat. The 
elephant of the Crag was probably HZ. meridionalis. 


L2 
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10. On the Assoctation of Dwarr Crocopitus (Nannosuchus and 
Theriosuchus pusillus, e.g.) with the Dimrnurive Mamwats of 
the Purpeck Suares. By Professor Ricwarp Owen, C.B., 
F.R.S., F.G.8., &e. (Read November 6, 1878.) 


[Prats IX.] 


AGREEABLY with an intimation at the close of the Monograph 
(No. VIIL.) “On the Fossil Reptilia of the Wealden and Purbeck 
Formations,” which appeared in the volume of the Paleontogra- 
phical Society issued in 1878 (p. 15), I communicated to the 
Geological Society of London* a paper in which ideas suggested by 
the subjects of that Monograph on certain relations of Mesozoic and 
Neozoic Crocodilia to their prey were more fully detailed, and an 
instructive discussion was thereupon raised agreeably with the 
writer’s design. 

To his assumption that the mammalian prey of Neozoic Crocodiles 
were non-existent in Mesozoic times, an experienced paleontologist 
objected that such were in existence at those periods, and co- 
existed with the Teleosaurs and other amphiccelian Crocodiles t. 

It had not occurred to me that the mammalian prey of the 
Neozoice Crocodilest, which I had in view, and which were exem- 
plified in my mind and meaning by the Tiger, the Buffalo, and 
similarly large unguiculate and ungulate species, could be represented 
or suggested by the extinct mammals from the Purbeck and Stones- 
field strata, in the restoration of which, and the vindication of their 
claims to warm-blooded and mammiferous eminence, no small pro- 
portion of past paleontological work had been submitted by me in 
former days to the Geological Society §. 

Subsequent additions to our knowledge of Mesozoic mammals 
have not revealed any species approaching in size to the Ichneumons|!, 
which haunt the banks of the Nile, the Indus, or the Ganges. 
Such Viverrines are disdained by the large Crocodilia of these rivers ; 
at least the vermiform mammals are not known to fall a prey to them, 
or to call for the exertions, emerged or submerged, which the sub- 
duing of the struggles of a tiger or buffalo require. On the con- » 
trary, the attitude of the Crocodile to the small mammal is reversed ; 
the Ichneumon is the enemy and destroyer, in relation, at least, to 


* February 6, 1878; Quart. Journ. Geol. Soc. vol. xxxiy. p. 421. 

+ “Mr. Hulke observed that with respect to Prof. Owen’s idea that warm- 
blooded animals were not preyed on by the Mesosuchian Crocodiles, it could 
not be doubted that such did actually exist contemporaneously with them.”— 
Quart. Journ. Geol. Soc. 1878, vol. xxxiv. p. 428. 

¢ “Large species of warm-blooded mammals,” fom. cit. p. 423. ‘The ad- 
vent in Tertiary time of large mammalian quadrupeds browsing or prowling 
along the shores,” &c. p. 426. 

§ Trans. of the Geol. Soc. 4to, 2nd series, vol. vi. p. 47, pl. 5; Proc. of Geol. 
Soe 8vo, 1838, p. 17; Quart. Journ. Geol. Soc. vol. x. p. 426 (1854). 

|| Hlerpestes ichneumon, Cuy., 5 feet in length. 
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the eggs and newly hatched brood, of the cold-blooded amphibious 
giant. 

When, therefore, my cogitations had been turned to any possible 
relations of a Phascolothere* or a Triconodon* to the amphicelian 
Crocodilia of the Oolitic or Wealden periods, I thought of the dimi- 
nutive contemporaneous mammals as reducers of the numbers of 
such Crocodiles, assuming that the reptiles may have sought the 
banks or shores to oviposit, and that their eggs and wriggling brood 
may have tempted the small predatory marsupials, as those of the 
proccelian Crocodiles do their contemporaneous species of Herpestes. 

Pursuing, however, my researches on the Crocodilia of the Pur- 
beck series, I have come, as I believe, upon a relation of them to 
their contemporary diminutive mammals at once most interesting 
and unsuspected. The Spalacotheres, Peralestes, Stylodons, Trico- 
nodons, &c. of the freshwater deposits of the ‘ Feather-bed ” 
may well have been the prey of the Crocodiles of the period; for 
these Crocodiles were reduced to dimensions which forbade them 
to disdain such succulent morsels, and, at the same time, they 
were suitably armed and limbed for the capture of the little mar- 
supials. 

The characters of one of these dwarf Crocodiles I now propose 
briefly to submit to the Geolegical Society; fuller details and 
illustrations of this and other small crocodilian genera and species 
will appear in the forthcoming volume of the Paleontographical 
Society. 

The subjects of the annexed Plate (Pl. IX.), all of the natural 
size, are selected from numerous evidences of the species, which I 
propose to name Theriosuchust pusillus. 

These and other Crocodilian evidences of the Purbeck period have 
been brought to light, or completely exposed, by operations upon 
the residuary slabs of “‘ Feather-bed ” marl which accompanied the 
Becklesian collection to the British Museum, when the negotiations 
for the purchase of the whole were concluded. 

They are very numerous, chiefly consisting of scattered teeth, scutes, 
vertebrae, and detached limb-bones, but likewise of a few skulls and 
mandibles, and, in one or two instances, of considerable portions of 
naturally connected skeletons. The scattered parts associated with 
these have served for the ascription to their several species of 
answerable bones, teeth, and scutes not so associated. 

At the first aspect, detecting in the seattered groups of scutes speci- 
mens showing the peg (Pl. IX. fig. 10, a) and groove (fig. 11, 6), it 
seemed as if remains of some young specimens of Goniopholis had 
been brought to light. The condition, however, of two of the skulls, 
one of which has yielded the subjects of figs. 1, 2, 3, Pl. 1X., enabled 
a comparison to be made which determined their specific and, by 


* ‘Researches on the Fossil Remains of the Extinct Mammals of Australia,’ 
&c. 4to, 1877, vol. i. p. 16, pl. i. figs. 26, 26a. 

+ Op. cit. vol. i. pp. 58, 64, pl. iii. figs. 7, 7a, 11-19. ; 

t Gr. Onpior, wild beast ; covxos, Egyptian name of crocodile. 
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their dentition, generic distinction from both Goniopholis* and 
Petrosuchus. . 

The number of maxillary and mandibular specimens, of which 
three are figured in Pl. IX. figs. 4, 5 and 7, exemplified a degree of 
constancy in size which begat a conviction that such was a character 
of the species; and, diminutive as were the Reptilia in question, 
their characters were indisputably those of the order Crocodilia. 
One of them, by the size and shape of certain teeth, came nearer to 
Gontopholis; another, by the same characters, resembled Petrosuchus ; 
but the differences were such as could not have been obliterated by 
growth or age. 

Theriosuchus approaches, like Goniopholis, nearer to the type of 
the broad-faced Alligators in the proportion of the antorbital part 
of the skull (fig. 1, 0, n) ; but the dentition is more modified than 
in any other known Crocodile, recent or extinct, and approaches 
nearer to that which characterizes the Theriodont order of Triassic 
Reptilia t. 

The premaxillary teeth, five in number in each bone, are small ; 
the three middle ones subequal, the first and fifth smaller; the 
maxillary teeth are divisible into laniaries (fig. 3, 7) and carnassials 
or trenchant molars (ib. m). The first maxillary tooth is small, 
the second and third gain quickly in size, the latter (fig. 5, a) 
assuming the character of a canine; the fourth tooth (ib. 6, and fig. 6,b) 
is a still larger canine; the fifth (fig. 6, c) and sixth (d) decrease in 
size somewhat suddenly, but in length rather than breadth of crown, 
and terminate the series projecting from the convex part of the 
alveolar border of the maxillary ; the tooth ¢ or d may be said to 
terminate the laniary series. Beyond d the teeth lose length and 
slightly gain in breadth; the crown assumes a triangular, laterally 
compressed or lamellate form, and the enamel is traversed, on the 
outside, by fine but distinct lines (fig. 6, ¢). 

Of these sectorial or carnassial molars, some of the detached 
specimens of maxillary bones (figs. 4 and 5) indicate as many as 
eight or nine. The broad base or root of each tooth is not inserted 
into a separate socket, but is lodged in a recess of the outer alveolar 
wall; moreover the partitions between these recesses, are low or 
partial, and the teeth appear to have been applied thereto, without 
being so completely confluent therewith as in the pleurodont mode of 
fixation of the teeth im certain lizards§. Hence in some of the 
specimens of the maxillary bone the incisors and canines only are 
retained, being rooted each in its own complete socket, while the 
molars have fallen out, and their partially separated recesses are 
shown as in the figures cited. 

In the lower jaw the foremost tooth is rather larger than those 
which interlock with the middle premaxillary or ‘incisor’ teeth 
above ; but not any of the succeeding laniary teeth attain the size 

* * Monograph of Purbeck Reptilia,’ Pal. vol. 4to, 1878, pls. i-iv. 
+ Ib. ib. p. 10, pl. vi. 


{ Quart. Journ. Geol. Soc. 1876, vol. xxxii. p. 99. 
§ See ‘ Odontograpby,’ p. 266, 
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of the upper canines. The twelfth tooth, counting backwards, 
assumes the lamellate triangular shape of striate crown charac- 
teristic of the superior sectorials ; and the inferior ones were lodged, 
like those above, in a common depression of an outer alveolar wall, 
developing the ridges dividing such depression into the dental re- 
cesses, as shown in fig. 7. 

This approximation to a lacertian dental character might seem 
ground for something more than a family section of the Order Cro- 
codilia. But the quasi-pleurodont attachment of the hinder teeth 
in Theriosuchus is only an extension of the character affecting some 
of those teeth in existing species of Crocodile*, and successional 
teeth, or their indications, are in crocodilian relation with the roots 
of the teeth to be displaced. 

In the cranial platform of Theriosuchus, fig. 1, the median parictal 
part of the hind border is less convex, and the two outer parts are 
more concave, by reason of the further backward production of the 
mastoids (12), than in the contemporary dwarf Crocodile which I 
have called Nannosuchus. The lateral borders of the sculptured 
part of the platform are more convex than in Gontopholis or Petro- 
suchus. This is owing to the greater proportion of the outer and 
posterior angles of the platform, which is abruptly depressed below 
the level of the sculptured surface of the mastoid, and which be- 
comes smooth like the contiguous and lower-placed tympanic. This 
character, shown in the subject of fig. 1, Plate 1X., usefully indicated 
fragmentary parts of the skull of other individuals of the species. 
The supratemporal vacuities (T) are relatively larger than in Gonio- 
pholis. The intervening tract of the parietal (7), more canaliculate 
than in the larger species, is divided by a mid ridge in two of the 
cranial specimens, and partially so in the more complete skull, 
fig. 1. No palpebral ossicle is preserved in the orbit, 0; the poimted 
ends of the nasals are produced so as to divide the outer nostril 
into two (fig. 1,, 7), as In some specimens of Crocodilus wiger ; 
were this a character of generic value it might unite Z’heriosuchus 
with Halcrosia, Gray t. 

The alveolar part of the maxillary in which the canines are de- 
veloped makes a corresponding convex extension of its outer border, 
as in Goniopholis. The extent of the ‘symphysis mandibule’ and 
the angle of divarication of the same are shown in fig. 2. 

The matrix being removed from the palatal surface of the skull, 
fig. 2, exposed the orifice of the Eustachian canal, ¢, the palato-naris, 
pn, the pterygoids, 24, the palatines, 20, portions of the palatal plates 
of the maxillary, 21, and the pterygo-maxillary vacuities, y. The 
vertebrae, fig. 12, of Theriosuchus are amphiplatyan. The humerus, 
fig. 8, and the femur, fig. 9, have the Crocodilian structure. 


* Thave noted it in the Alligator niger. ‘“No.'765. The right ramus of 
the lower jaw, from which the posterior part of the inner alyeolar wall has 
been removed, showing the five posterior teeth lodged in a common alveolar 
groove.” Osteological Catalogue, Museum of the Royal-College of Surgeons, 
Ato, vol. i. p. 167 (1853). 

t Trans, Zool, Soc, yol. vi, p. 135, 


152 R. OWEN ON THE PURBECK 


In Theriosuchus the breadth and shortness of the antorbital part 
of the skull, in proportion to the part behind, exceeds that in any 
modern broad-snouted Crocodile. Even in the young ‘ Crocodile a 
deux arrétes,’ figured in plate i. of Cuvier’s ‘ Ossemens Fossiles™*, a 
transverse line across the fore part of the orbits equally bisects the 
skull, omitting the mandible. In Z'heriosuchus the same line leaves 
in advance six thirteenth parts of the length of the skull. 

This proportion suggested at first view the immature state of the 
individual. Butof the numerous evidences of Theriosuchus pusillus, 
none were larger than those figured in Plate IX., and several other 
fragmentary evidences of the species had come from still smaller 
individuals. 

I conclude, therefore, that, as in the case of most species notable 
for their diminutive size, immature characters of the larger species 
of the genus are associated with such dwarfishness of the adults. 

I estimate the average length of a mature Vhertosuchus at 
18 inches. The length of the skull, taken as that of the mandible, 
is 3 inches 6 lines. In the articulated skeleton of a modern Croco- 
dile the angle of the lower jaw extends to the third cervical vertebra. 
In Alligator lucius the trunk, from the third cervical to the last 
sacral vertebra inclusive, is nearly equal to two lengths of the skull; 
the length of the tail is 21 lengths of the skull. The trunk of 
T heriosuchus, so defined, includes two lengths of the skull; the tail, 
as indicated by a portion of skeleton preserved, equalled 24 lengths 
of the skull. In the long-jawed Gavials and Teleosaurs the trunk 
includes about 14 length of the skull; but the tail is proportionally 
longer than in the short- and thick-jawed Crocodiles. 

The actions and consequences of a Theriosuchus submerged with 
“a warm-blooded animal” of the size of a shrew or rat in its mouth 
might not excite the physiologist to analyze results and relations to 
palato-narial arrangements. The case is otherwise with a “large 
and powerful mammalian quadruped” in that predicament; its 
amphibicus captor would not escape choking by the mere “ closure 
of the external nostrils.” 

Let any F.G.S., with his head under water, hold his nose and 
open his mouth, and he will experience some trouble at the 
glottis. 

The exclusion of water from the lungs is truly the important 
matter; and I fear my allusion to the mechanism for that purpose, 
which is peculiar to the Neozoic Crocodiles, was too brief to dispel 
a possible haziness of conception of such mechanism. 

A Crocodile, haying seized and submerged a tiger or a buffalo, 
admits the water into its wide unlabiate mouth by the spaces to 
which the thickness of the part gripped keeps asunder the upper and 
the lower jaws. ‘Thus the part of the mouth not occupied by the 
prey is filled with the fluid in which the mammal is being dragged 
and drowned. 


* Quarto, tome v. 2° partie. 
t Quart. Journ. Geol. Soe. vol. xxxiv. p. 423. 
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Admitting, for Mr. Hulke’s argument, that the outer nostrils of 
a Crocodile, with their dense tegumentary boundary, could, like 
those of a seal, be shut by the action of a sphincter, exclusion by 
such narial opening of the watery element would not affect its 
entry by the mouth forced open by the seized and struggling 
mammal. 

The question is, supposing the water to be stopped out of the 
anterior aperture, how is it to be excluded from the posterior one 
of the narial canal and at the same time from the entry of the wind- 
pipe? 

And here comes the point for consideration in. the comparison of 
Mesozoic and Neozoic Crocodiles with relation to their enemies and 
their prey. 

In all the Crocodiles contemporary with ‘‘ large mammals ” there 
is a double valvular structure at the back of the mouth which pre- 
vents the water that may fill and be flowing through the mouth 
from getting into either the hinder nostril or into the glottis. One 
valve is fleshy and membranous; it hangs from the hind part of 
the palate, and answers to our “ velum palati:” the other valve is 
peculiarly Crocodilian, at least in size and shape; it is a broad 
gristly plate which rises from the root of the tongue, carrying with 
it a covering of the lingual integument ; and, when the palatal valve 
is applied to it, they form together a complete partition-wall, closing 
the back of the mouth, between which and the back nostril it is 
situated ; it may be compared to a broad epiglottis, shutting off the 
glottis from the mouth. 

To make this complex mechanical structure available, the back 
nostril is singularly reduced in size, and such reduction is shown in 
the skull. ‘The small relative palato-narial orifice in proccelian or 
Neozoic Crocodilia is truly striking when contrasted with the size 
of the palato-nares in lizards and in amphiccelian or Mesozoic 
Crocodilia *. 

But this is not the only character or condition of the proccelian 
palato-naris which renders the adaptation of the valyular machinery 
available for its purpose. In Neozoic Crocodiles the palato-naris is 
placed far back—further back than the basihyal—and its plane, 
instead of being horizontal, is tilted up at the angle, which makes 
the operation of the two parts, or ‘“ folding-docrs ” of the partition, 
most effective in closing the oral chamber posteriorly y. 

What the modifications of the soft soluble parts of the hyoid and 


* This, indeed, deceived De Blainyille and Bronn as to the homology of the 
palato-nares in Teleosawrus; see ‘ Abhandlungen iiber die Gavialartigen Rep- 
tilien der Lias-Formation,’ fol. 1841, pp. 12, 16, 24. 

+ See my “ Anatomy of the Sharp-nosed Crocodile (Croc. acutus, Cuv.),” in 
the Proceedings of the Committee of Science &c. of the Zoological Society of 
London, October 25, 1831, part i. p. 189—in which, after comparison with 
the Hgyptian Crocodile (Croc. suchus, Geof.), I ‘explained the uses of the 
apparent closure of the fauces, in which, on looking into the mouth, no orifice 
or passage for the food was perceptible ; and remarked on the necessity for so 
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palate may have been in amphiccelian Crocodiles we may never 
know ; but the large relative size, the forward position, and the 
horizontal plane of the bony openings oppose the application 
thereto of any such special and complex valvular structures as 
anatomy has revealed in existing Crocodiles. 

If the submergence of the Crocodile with its “large mammalian” 
prey should continue so long as to render it needful for the reptile 
to “take a fresh breath,” it can protrude its prominent snout from 
the surface and inhale a current of air which will traverse the long 
‘meatus ” and enter the glottis by the chamber common to nose and 
windpipe, which is shut out from the mouth by the modifications of 
a “ velum palati” and “ epiglottis ” above explained. The same effect 
results from the ‘‘ uninterrupted tube ” in the proccelian Crocodiles as 
in that of the Cetacea. A teleologist must admit that ‘the con- 
trivance is admirable ;” it is equally effectual in both cases, and a 
Paley might expatiate upon the diversity of means by which the end 
is attained. 

But we have no ground for inferring such means from the struc- 
ture of the bony palate in the fossilized skulls of the amphicoslians ; 
nor does our present knowledge of mammalian life in the Mesozoic 
periods encourage any belief that it was needed. 


EXPLANATION OF PLATE IX. 


Fig. 1. Upper view of skull of Theriosuchus pusillus. 

Fig. 2. Under view of the same skull. 

Fig. 8. Side view of the same skull. 

Fig. 4. Left maxillary, inner side view, young individual, of Theriosuchus. 
Fig. 5. Right maxillary, outer side view, of full-grown individual. 

Fig. 6. Crowns of large canine and three following teeth, magnified. 

Fig. 7. Dentary bone and fragments of mandible, imner side yiew. 

Fig. 8. Portions of humerus, ulna, and radius. 

Fig. 9. Femur. 


Fig. 10. Outer surface of medio-dorsal scutes. 
Fig. 11. Inner surface of ditto. 
Fig. 12. Two dorsal vertebree, under view. 


All the figures, save 6, are of the natural size. 


complete a safeguard of the larynx in an animal breathing air, but destroying 
its living prey by submersion in water.” 

Geoffroy St.-Hilaire, ‘ Description des Reptiles de ’ Egypte,’ p. 236. 

Hunter had left a preparation demonstrating the same structure, which is 
described in the ‘Oatalogue of the Physiological Series in the Museum of the 
Royal College of Surgeons, 4to, 1832, vol. iii. p. 72, Prep. No. 1466. 

See also Ouvier, ‘ Legons d’'Anat. Comparée,’ 8yo, tome iv. (1805), p. 284. 
“‘Tes ouvertures internes des narines sont trés en arriére dans cet animal, 
contre l’ordinaire des autres reptiles,” which other reptiles include the Crocodiles 
not procelian or Neozoic. 
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Discussion. 


Mr. Hurxe remarked on the resemblance of the under and upper 
sides of the skull described to that of Goniopholis. 

Prof. Srrney demurred to the nomenclature employed by the 
author in describing teeth, and especially to his statement that in 
this and other Crocodilians there were several canines. 

Prof. Owen stated that he had used the term canine in reference 
to the relative size and form of the teeth of Crocodiles, and not to 
their position in the jaws. 
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11. A Microscoprcan Srupy of some Hurontan Cray-sLaTEs. 
By Dr. Arrnur Wichmann. (Read June 19, 1878.) 


[Communicated by the President. | 


Introduction. 


GREATER attention has lately been paid to the microscopical study of 

‘clay-slates and slate-clays, giving rise to a number of researches 
the results of which may be found in the classical paper of Zirkel*. 
The principal object of these investigations has been to discuss the 
origin and formation of the crystalline constituents contained in 
clay-slates, and they have chiefly extended from Silurian and De- 
vonian to rocks of the recent period. Such clay-slates as belong to 
Archean districts might also claim the privilege of a certain in- 
terest, especially as the presence of these crystalline constituents 
has been used to solve geological problems. ‘The clay-slates which 
I have examined occur in the Huronian region of Lake Superior. 
The respective rocks are in the collection of Major T. B. Brooks, 
Marquette, Michigan, who placed them at my disposal, chiefly for 
the sake of microscopical examination. 

Hermann Credner in his papery, ‘‘ Die vorsilurischen Gebilde der 
‘Oberen Halbinsel’ von Michigan, in Nord-Amerika,” gives us a 
partial description of the geological appearance of these rocks. 
Further information may be obtained from the Geological Survey of 
Michigant, to which we shall refer hereafter. 

Those clay-slates which appear in the Huronian region are found 
to be separate strata, deposited on the upper strata of quartzite, ex- 
tending, as Herm. Creduer states §, to a depth of 8500 feet, and form- 
ing layers between the quartzite and dolomite. They chiefly repre- 
sent true clay-slates, not different in appearance from those of other 
geological periods. Subordinate strata are formed by hard brittle 
novaculite (whetstone), of a yellowish-grey colour. Carbonaceous 
slates and shales are generally found in black masses, and may 
be added to the slate-clays. 

The following Table by T. B. Brooks and Herm. Credner shows the 
relations and classification of the clay-slate strata. 


* Poge. Ann. exliy. 1871, p. 319. 
+ Zeitschrift d. deutschen geol. Ges. 1869, p. 534. 


{ Michigan Geolog. Survey, vol. i. & ii. (New York). § Loe. cit. p. 553. 
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Huronian Systm. 


T. B. Brooxs*. 
I. ) 
II. 


LT: 


IV. 


Beds of siliceous ferrugi- 
nous schists, alternating 
with chloritie schists and 
diorite. 


) 


V. Quartzite, sometimes con- 
taining marble and beds 
ofargilliteand novaculite. 


VI. 
VIII. | Siliceousferruginousschists. 
X. 
VII. 
IX. | Dioritic rocks. 
xy 
XIII. Specular and magnetic ore 
associated with mixed ore 
and magnesian schist. 
XIV. Quartzite often conglome- 


ratic. 
XV. Clay-slate or argillite. 


XVI. Uncertain: it contains some- 
times some soft hematite. 
XVII. Anthophyllitic schist con- 
taining iron and man- 
ganese. 
XVIII. Doubtful. 
XIX. Mica - schist, containing 
staurolite,  andalusite, 


and garnets. 
“XX. Granitef. 


I. 


II. 


Ii. 


VI. 


VII. 


XII. 


Herm. Crepnert. 


Quartzite and chlorite \ 
Schiistssipsemecuse. canes 
Diorites alternating 
with siliceous, fer- 
ruginous, and man- 
ganous schists and feet. 


quartzite ........ see | 2500-3500 


Taleose and chloritic 
schists and magnetic 
ivon-Ore ............... 

Siliceous ferruginous 
schists and specular 
ore with beds of ser- 


POSIT Gondnooodooodcs 
Crystalline | 
limestone, 


contain- 
ing beds of clay-slate | 5 

ral chlorite schists ; r 2900-3000 
many layers of 

quartzite 


Siliceous ferruginous 


schists 


600-1000 


Cesc er te se neces 


Chlorite schists with 
beds of ferruginous 
schists 


1200 


eee cee ceraesoe 


8500 


beds of quartzite . 
Chlorite schists with } 
beds of diorite.. 
Talcose schists nein: 
ing dolomitic lime- 
stone, quartz-schists, 
and beds of diorite. 
(Dioritie near e cece 


1300 


Clay-slate containing a 
a 
oe 


T. B. Brooks, in his classification, refers solely to the conditions of 
the Marquette region, because the concordance with the Menominee 


region is not yet ascertained. 


A. Clay-slate §. 


Hardly any difference can be perceived between the external ap- 


pearance of these rocks and those of later periods. 


* Michigan Geolog. Survey, vol. i. p. 83. 
+ Amer. Journ. of Science and Arts, vol. xi. March 1875, 


§ Mich. Geol. Survey, vol. i. p. 111. 


Although their 
t+ Loe. cit. 
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usual colour is dark brown or black, they sometimes appear of a 
faint red tint. Their specific gravity is on the average 2°75. 

Our microscopical investigations have also proved a composition 
corresponding with that of clay-slates of other formations. We at 
first perceive a colourless isotropic ground-mass, in which the other con- 
stituents are apparently imbedded, whilst throughout are found dust- 
like particles of a deep grey colour, which represent the chief con- 
stituent, and consist probably of clay-substances, the greater part of 
them probably of kaolin. Sorby* has adverted to the fact that the 
extremely minute granules of kaolin of clays, when mounted in 
Canada balsam, may be almost or quite invisible (these two sub- 
stances having nearly the same indices of refraction), whereas 
when examined in water there is no difficulty in recognizing these 
granules. Now and then quartz occurs in the form of small frag- 
ments, which are easily to be recognized by polarized light. 
Felspar is very rarely seen, and even then only in very indistinct 
fragments, whilst mica is more frequently found. Meddish-brown 
particles of hydrated oaide of iron are not unfrequent. The black 
flakes, which appear very often, consist of coal; they disappear 
when the clay-slate is placed before the blowpipe-flame. A difference 
is observed in the proportion of the crystalline constituents. The 
microlites of an unknown mineralogical nature called “ clay-slate 
needles,” which appear in great numbers in the German clay-slates, 
are here entirely absent. 

Besides a few other minerals, hematite and tourmaline frequently 
appear. Most beautiful individuals of tourmaline are found in a 
clay-slate (S. 32, T. 40, R. 36, Wisconsin T) as perfect crystals, as well 
as in fragments, 0:015-0:06 millim. in length, and 0:003-0°025 
millim. in breadth. In accordance with the investigations of Anger ¢ 
and Svedmark §, we may state that a comparatively frequent hemi- 
morphism of crystals occurs; their colour is greyish green, and they 
show a strong dichroism when tested with a single Nicol’s prism. 
Crystalline fragments are often found near one another, so that the 
original crystal can be reconstructed in imagination without any 
difficulty. Tourmaline is also found in exquisite crystals, as well as 
in fragments, in other clay-slates from Wisconsin (8. 28, T. 39, R. 18, 
and 8. 14, T. 40, R. 18). This mineral occurs less frequently in 
the clay-slates of Michigan ; and in some specimens from the Cho- 
colate-Marble Quarry, Marquette, it was entirely absent. Besides 
tourmaline, small yellowish-brown and red transparent crystals, 
which remind us vividly of zircon, as described by Zirkel||, were per- 
ceived in clay-slate from Slate River, Michigan. 

Hematite appears in exceedingly small, well-shaped, hexagonal 
laminee. Some are transparent, of a blood-red colour, but the 
greater number are opaque. This mineral also occurs in varying 

* Microscop. Journ., March 1877. 

t+ These numbers indicate the localities from which the specimens were 
derived, as marked upon the Survey Maps. 

{ Tschermak, Mineralog. Mittheil. 1875, p. 162. 


§ Geol. Forening. Stockholm, 1877, No. 38. 
|| Neues Jahrb. f. Mineralog. ete., 1875, p. 628. 
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quantities in thin sections which come from the same locality, but 
it is always present. 

The occurrence of narrow, rod-like, colourless crystals in some 
specimens is very striking; but being very small, they cannot be 
identified with a distinct mineral. It may be that they belong to 
the class of felspars. On an average they are 0:01 millim. in 
length. ‘They are deposited parallel to the slate-plane, and appear 
one-coloured by polarized light. Specimens with distinct crystals 
occur in the Chocolate-Marble Quarry, Michigan ; they occur also 
very abundantly in the novaculites which are yet to be described. 

Mica can be recognized as a crystalline constituent chiefly when 
it is found in radiating fragments ; otherwise it is difficult to recog- 
nize it as either a clastic or a crystalline constituent. It is found 
in almost colourless thin lamine, which often exhibit a fibrous struc- 
ture like sericite. Many attempts have been made to identify these 
lamin with talc; but to justify this, magnesia ought to be contained 
in greater quantity in these rocks. It is very remarkable that the 
mica-laminz should be only sometimes deposited parallel to the 
slate-plane ; such is the case with a clay-slate near centre of 8S. 13, 
T. 50, R. 32, Michigan. 

Some parts of the ground-mass show a crystalline structure. This 
is only to be seen by polarized light, because these parts consist of 
an aggregation of irregular spots, bluish and bluish-grey in colour, 
and vanish by degrees into the amorphous ground-mass. It is pos- 
sible that these parts represent either quartz or a crystalline silicate. 

Calcite cannot be considered a constituent of these clay-slates, 
although thin veins of this mineral are found interspersed within 
the rocks. 

T. B. Brooks* mentions a clay-slate containing garnet, which was 
discovered at Champion Mine, Michigan. 

Zirkel? has not ascertained whether the colourless ground-mass, 
which represents the cement of all constituents, is opal or a porodine- 
amorphous silicate. Some time agot we expressed our opinion 
that it might be a porodine-amorphous silicate, amorphous quartz of 
ante-Tertiary age not being known. Besides, clay-slate is charged 
with too little silica (50 to 64 per cent.) to encourage us to consider 
the cement as opal. 


B. Novaculite ( Whetstone). 


Novaculite is a very hard brittle clay-slate, generally of a yellow- 
ish-grey colour. The abundant presence of crystalline aggregates 
in contrast with the decreased amorphous ground-mass is proved by 
the microscope. These aggregations, which account for the well- 
known hardness of this slate, consist chiefly of quartz. Besides 
these, various kinds of crystals and fragments of towrmaline are 
found, the latter also appearing in form of microlites. Blood-red 
lamine of hematite, often possessing a distinct hexagonal form, are 


* Loe. cit. 
+ Mikroskop. Beschaff, p. 493 (1873). t N. Jahrb. f. Min, 1876, p. 917. 
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not unfrequent. Colourless folia of mica are deposited, mostly parallel 
to the slate-plane. GARNET appears, in addition to these minerals, in 
more or less abundance. It has been already discovered by Zirkel 
in a noyaculite from Recht, in the Ardennes, and also by Svedmark 
in a Cambrian clay-slate from Lemmingtorp, in Hastgotland. The 
comparatwely great hardness of novaculite may be accounted for partly 
by the presence of garnet. This mineral generally appears in the 
form of rounded grains, seldom in distinctly defined crystals (rhom- 
bic dodecahedra). They are easily recognized, being colourless or of 
a yellowish colour, and possessing a rough surface. The garnets are 
much fissured, mostly free from any inclusions, and are recognized 
as perfectly isotropic bodies when seen under crossed Nicols. The 
above-mentioned narrow, rod-like, colourless crystals also appear in 
noyaculite. The crystalline aggregations partly consist of quartz; 
partly they may represent an indeterminate silicate. The deep- 
grey dust-like substance is also present, but in much less quantity 
than in true clay-slate. 

Typical specimens occur in Whetstone Quarry, Teal Lake, and 
Chocolate-Marble Quarry, Michigan. 


C. Carbonaceous Shales and Slates. 


There is little in these rocks to repay microscopical examination, 
but in a geological point of view they are of the greatest importance 
in the Huronian system. ‘They are black slates aud shales, which 
are proved before the blowpipe to contain considerable quantities of 
coal. In some cases the amount is found to be 22°51 per cent.* We 
can only account for their existence by the destruction and disinte- 
gration of some former organic substance which had been deposited 
with the clay mud at the bottom of the sea. This may be done 
by the same reasoning by which we trace the presence of coal in 
later periods. It can also be proved that, at least in the upper strata 
of the Archeean formation, organisms must have existed. Julieny be- 
lieves that he has found even a fucoidal impression in such a slate. 
Their spec. gravity, 2:06, is considerably lower than that of true 
clay-slate. 

In thin sections black opaque particles of coal form the largest 
proportion; they are of quite irregular forms and mostly grouped 
together ; small flakes of coal are also found in abundance in the 
amorphous clay-slate substance. This is especially the case in some 
specimens from S.E. Smith Mine, Marquette, Michigan. <A peculiar 
arrangement of the coal-particles is seen in a slate fromS. 11, T. 39, 
R. 19, Wisconsin ; they have been deposited parallel to the slate- 
plane in such a manner that one layer consists chiefly of coal-par- 
ticles. The slate containing most coal is that from L’Anse Iron 
Range, Michigan. Besides the constituents already mentioned, 
fragmentary folia of colourless mica sometimes occur. Pyrites here 
and there is not of unfrequent occurrence. 

It is proved by these examinations that in the before-mentioned 


* Mich. Geol. Survey, vol. i. p. 116. + Lbid. yol.ii. p. 5 
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varieties of clay-slates the so-called clay-slate needles are not present. 
The crystalline constituents are chiefly tourmaline, hematite, and 
quartz. ‘The other constituents of the clay-slate, as well as their 
structure, agree in general with former investigations. In novaculite 
garnets are present. In the carbonaceous slates and shales crystal- 
line constituents seldom appear. The former existence of organisms 
may be inferred from the presence of coal. 


D. Probable origin of the Crystalline Constituents in Clay-slate. 


Haying studied the structure and the different constituents of our 
clay-slates, we must now consider the probable origin of the crys- 
talline minerals. Three possibilities of origin may be accepted :— 

1. The crystalline constituents may be regarded as the produce of 
the chemical action of the ocean. 

2. They may be attributed to processes of metamorphism which 
took place after the solidification of these rocks. 

3. They may have been formed after the deposition of clay-slate 
mud, whilst this was still in a plastic state. 

The supposition that the crystalline constituents already existed 
in the rocks which supplied the material for the formation of clay- 
slate will scarcely find an advocate. The formation of tourmaline 
with its distinct outlines, being in complete contrast to that of 
the clastic constituents, contradicts such a theory. The crystalline 
nature being recognized by all authors, such a possibility need not 
be brought under consideration. 

1. We find a complete statement of the first theory in a paper by 
G. R. Creduer*. It is very important that the propositions adduced 
in it should undergo a minute examination, because from them the 
most important consequences ensue; whilst we must acknowledge 
that in accepting generally this principle, we have come much nearer 
the explanation of the origin of the crystalline schists. The results 
of the paper of G. R. Credner are contained in the following propo- 
sitions} :— 

(1) “ Crystalline products of segregation, such as Zirkel has de- 
monstrated in the Silurian and Devonian clay- and roofing-slates 
side by side with their clastic constituents are not confined to the 
above-mentioned rocks of the two oldest Palzozoic formations, but 
rather form a more or less essential constituent of every slate- and 
elay-rock hitherto examined of all (even the most recent) periods.” 

(2) “ In general, in the rocks investigated, the part taken by these 
crystalline segregations in the formation of the rock decreases pari 
passu with the geological age. A Mesozoic clay-rock consequently 
consists of far more clastic and less crystalline material than a Pa- 
leozoic one. Carboniferous slates stand in the same relation to 
those of the Deyonian and Silurian. Isolated exceptional cases may 
have local causes.” 

We do not readily agree io this. The number of examined spe- 


* Zeitschrift f. d. ges. Naturw. 1874, p. 505. t Ibid. p. 522. 
Q.J.G.8. No. 137. M 
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cimens is by far too small to fix such a law, especially if we con- 
sider that even among these there are some exceptions. G. R. 
Credner examined only two specimens of clay from the Tertiary 
period. He found in clay from the Isle of Wight very numerous 
microlites, whilst in a Tertiary clay from Dolau, near Halle, Germany, 
he only observed very few and minute crystalline constituents. At 
the same time we must add that it is very difficult to decide on the 
proportion of the crystalline constituents in clay-slate and slate- 
clay. 

ii we agree that this statement is correct, it follows that the older 
sedimentary rocks are the richer they must be in crystalline consti- 
tuents, till we finally conclude that a period must have existed in 
which the secretions of the ocean were so great that the production 
of crystalline constituents must have been due to them; and it is at 
this that G. R. Credner evidently aims. In this manner, also, the 
important question respecting the origin of crystalline schists would 
be solved. We should like first to point out that the secretory 
capability of the ocean requires confirmation ; for up to the present 
time no proof of this property has been given, and therefore the idea 
cannot be admitted into the discussion. Nor has it been proved that 
any change has taken place in the chemical composition of the ocean 
during the course of geological periods. Thus, for instance, the clay- 
slate of 8. 28, T. 39, R. 18, Wisconsin, is regularly deposited be- 
tween chlorite-schist and actinolite-schist, so that, according to G. R. 
Credner’s theory, the ocean held successively in solution or suspension 
first chlorite, then clay, then actinolite, a fact which certainly has 
not been proved. 

It has also been demonstrated by the above-mentioned investiga- 
tions that the proportion of crystalline constituents by no means 
coincides with this theory. If some clay-slates are extraordinarily 
rich in crystalline constituents there are others which contain but 
small quantities, and consequently we have no means of correctly 
ascertaining the proportion. Still greater force is given to this 
argument by the fact that we made more numerous examinations of 
the Huronian clay-slates from Michigan and Wisconsin than G. R. 
Credner did of those from the Carboniferous period down to the 
Diluvium. 

(3) **These crystalline structures have not originated in conse- 
quence of any later metamorphic actions whatever upon the formed 
rock ; they rather owe their origin (as proved by 

a. Their position parallel to the bedding-planes, and 

b. Their not unfrequent radial grouping around a clastic 
fragment of rock which serves as a nucleus) to a 
primary segregation from the same waters from which 
mechanically transported mineral particles were simul- 
taneously deposited to form muddy sediment.” 

These supposed proofs can on no account be permitted to pass as such; 
for the deposition parallel to the slate-plane may be explained by either 
theory. For whether the crystalline constituents be a product of the 
secretion of the ocean, or whether they haye been formed in the still 
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plastic mud, or owe their origin to metamorphic influences, they will 
in general occupy such a position either by the pressure of the super- 
incumbent layers, or, if they were formed after the settling of the 
rocks, because parallel to the slate-plane they find the least relative 
resistance. The radiating grouping can still less pass as proof. Even 
if we allow the possibility that while a fragment is sinking in the 
ocean, it can unite with other minerals which become crystallized, 
it must be clear to every one that the motion of the water would very 
quickly separate them again. According to G. R. Credner’s own 
statement it was impossible in some of his preparations to discover 
the manner of accretion of any crystalline formations, because the 
particles have been again separated by the action of water during the 
preparation of the object. When even in a glass of water such me- 
chanical effects are apparent, how much more must they become so 
in the ocean ? 

2. We might seek a further explanation of the origin of these 
crystalline constituents in metamorphic processes, which possibly 
had some influence after the solidification of the clay-slate mud. 
This origin is especially urged by Delesse*. The chief objection 
to this theory is found in the existence of broken and reunited 
particles. The being broken per se would not contradict metamor- 
phism, were it not that the material which reunites the fragments 
is composed of the same clastic clay-slate substance. 

3. This aids in the confirmation of a third theory, which supposes 
the formation of the crystalline constituents to have taken place 
while the rocks were still plastic. This view is still further sup- 
ported by the fact that new-formed materials are discovered in groups 
round some fragments. According to his close examination, Zirkel 
first proposed the theory that the crystalline constituents either had 
been formed during the deposition of the mud or at least before its 
solidification. More recently Svedmark, in his paper on Cambrian 
clay-slate, has stated that the garnets were formed whilst the clay- 
slate was still soft and plastic. Sorby* also states that the green 
grains of glauconite ought rather to be attributed to chemical action 
occurring either during or soon after deposition, like the minute 
erystals met with in some of the dredgings from the Pacific ocean. 
As the result of our investigations this opinion may be confirmed f. 
Later metamorphic processes are not to be excluded. We would 
especially draw attention here to the fact that chlorite-, mica-, 
hornblende-, sericite-, and other schists contain tourmaline and 
hematite of the same appearance as true clay-slates. It is probable 
that these minerals existed in the crystalline schists before the origin 
of the rest. If we want to place the metamorphic processes in their | 


* Revue de Géologie dans les années 1873 et 1874 (Paris, 1876), p. 203. 

+ Monthly Microsc. Journ., Feb. 1877. : 

} I regret to have received the interesting paper of Renard on the Belgian 
Whetstones (‘ Mémoire sur la structure et la composition du coticule, Bruxelles , 
1877) after thie paper was already finished. Renard mentions also the abun- 
dance of tourmaline and garnet in these rocks, and has also expressed the opinion 
that these constituents were formed during the deposition of the sediments (loc, 


cit. p. 38). 
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proper place, we should do so in ranging them as a fourth phase 
in the production of the actual condition of sedimentary rocks :— 
1. Deposition of mud. 
2. Formation of minerals during the plastic state. 
3. Formation of rock as clay-slate (solidification of the ma- 
terial). 
4, Metamorphic processes. 


The organic remains which had heen deposited with the mud 
caused the formation of the carbonaceous particles. They might 
possibly have caused also the formation of pyrites by reduction of 
solutions of sulphate of iron. 

There is one mineral occupying a strange position with regard to 
the occurrence and the formation of the other crystalline constituents. 
It does not appear in distinct crystals, but forms aggregations which 
are only to be observed with polarized light, and vanish by degrees 
into the amorphous ground-mass. It is as possible that it represents 
a silicate as that it is quartz. It seems to have been formed during 
the solidification of the rock, and is similar in appearance to the 
ground-mass of some crystalline schists. 

It is only by comparing crystalline, semicrystalline, and clastic 
sedimentary rocks that we shall arrive by degrees at a satisfactory 
explanation of the origin of the crystalline schists which make up 
the greater part of the Archean formations. 
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12. On some Mica-trRaes from the Kunpat and Sepseren Disreicrs. 
By Rev. T. G. Bonnny, M.A., F.R.S., Sec.G.S., Professor of 
Geology at University College, London, and Fellow of St. John’s 
College, Cambridge, and F.T. 8. Hoveuron, Esq., B.A., Scholar 
.of St. John’s College, Cambridge. (Read December 4, 1878.) 


Unper the convenient generic term mica-trap the Geological Survey 
of England has included a group of rocks which are generally rich 
in that mineral, and occur among the older Paleozoic strata of the 
north-west of England. ‘These rocks are found in dykes usually of 
no great thickness, and often very imperfectly exposed; and they 
have been mapped on quarter-sheet 98 N.E., and in the adjacent 
corners of the yet unpublished 98 S8.E. and 97 S.W. A brief 
notice of the dykes is also given in the accompanying memoirs, 
‘Kirkby Lonsdale,’ p. 42, and ‘ Kendal and Sedbergh,’ p. 16. With- 
out microscopic examination and chemical analysis, it was not pos- 
sible, as a rule, to attempt a more exact nomenclature, so that, in 
our opinion, the use of the term mica-trap, like felstone, greenstone, 
&c., is not only convenient, but justifiable, where for any reason a 
more exact investigation is not practicable at the time. The present 
paper, although very far from being a complete history of all the 
mica-traps of North-western England, may form, it is hoped, a first 
chapter in it, and be the means of evoking further contributions to 
the lithology of this interesting and not very common group of 
rocks*, 

Mica-traps, so far as we are aware, are either very rare or wholly 
absent in Britain to the south of the Cumbrian district, and in that 
they are rarely found in the vicinity of the principal lakes, but are 
almost confined to the eastern part of Westmoreland and the north- 
western of Yorkshire, always occurring in Silurian rocks. They 
are also met with among the Lower Silurian strata of the southern 
uplands of Scotland, and in several localities in Ireland, where also 
they are intrusive in the older Paleozoic rockst. Mica-traps also 
occur in the Channel Islands, Saxony, the Vosges Mountains, Baden, 
and North-western France, also in the Pyrenees and West-central 
France. Specimens from some of these districts have been used for 
comparison§. 


* For the lithological work herein Prof. Bonney is responsible, for the che- 
mical analyses Mr. Houghton. A few of the dykes have been examined in the 
field by the former, under the guidance of Professor Hughes, without whose 
minute local knowledge it would have been hardly possible to find one or two 
exposures. For most of the other specimens, and for notes on their relations 
to the stratified rocks, the authors are indebted to the kindness of their friend 
J. H. Marr, Hsq., B.A., F.G.8., Scholar of St. John’s College, to whom they 
tender their best thanks. 

t Messrs. Gunn and Clough, Quart. Journ. Geol. Soc. vol. xxxiy. p. 30, ex- 
pressly state that they never occur in the Carboniferous strata. 

i Hull, ‘On Building-stones,’ &e. p. 84, cf. p. 9. 

5 So far as we can judge from the figure, the rock described by Mr. J. H. 
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The principal subordinate members of the mica-trap group have 
been named by many petrologists minette and kersantite*, the 
former denoting those where the felspathic constituent is chiefly 
orthoclase f, the latter chiefly plagioclaset. After this subdivision 
great diversity appears in the use of the terms, little regard being 
paid to the crystalline condition of the ground-mass. 

By Prof. Rosenbusch§ the term minette is used as equivalent to 
mica-syenite, and kersantite to mica-diorite, or at least as denoting 
the more conspicuously micaceous varieties of these rocks. The 
group corresponding generally with the latter in chemical composi- 
tion, but differing from it in having a micro- or crypto-crystalline 
ground-mass, is named by him kersantite-porphyrite ; but we do not 
find a term for the corresponding rock in the former group. For 
this, then, we propose the analogous term minette-felsite||. It is 
quite possible that one or two of the rocks which we are describing 
in this paper may once have had even a glassy base; but in their 
present condition we do not feel able to affirm this positively, as the 
structure has been so much obscured by subsequent decomposition 
and micro-mineralogical change. 

The amount of this has frequently been very great, some of the 
original constituents having been replaced wholly, or almost wholly, 
by pseudomorphic or other secondary products. We have thus 
oiten been obliged to speak very doubtfully as to the original nature 
of some constituents. 

A few preliminary remarks on some of the minerals observed in 
these rocks may save time in the subsequent descriptions. 

Mica.—This mineral is abundant in almost all the specimens. It 
is usually in very good preservation, though occasionally partly re- 
placed by a greenish mineral, doubtless some hydrous magnesian sili- 
cate, partly by a nearly colourless mineral (a hydrous potash mica ?). 
It is brown in colour, most markedly so when viewed normally to the 
basal pinacoid. Sections transverse to this plane are markedly 
dichroic, changing from an olive-brown to an almost colourless tint. 
These sections have a strong analyzing action. They have generally 
a border darker than the interior. In some specimens enclosures of 
other minerals are comparatively rare, in others rather abundant. 
These are grains and belonites of iron peroxide, and colourless 
needles (apatite ?), sometimes apparently smaller crystals of mica. 


Collins under a new name appears to be (as stated in the discussion after this 
paper by Mr. W. W. Smyth) only a variety of mica-trap. See also Mr. J. A. 
Phillips, Quart. Journ. Geol. Soc. vol. xxxi. p. 337. 

* There does not appear to be any essential difference between kersantite 
and kersanton. 

+ For list of localities where this rock is reported to occur, see Zirkel, 
‘Lehrbuch der Petrographie,’ vol. 1. p. 606. 

t For list of localities, see Zirkel, 2bid. vol. ii. p. 36, 

§ ‘Mikroskopische Physiographie,’ vol. ii. p. v. 

|| On the analogy of quartz-porphyry &c. one should say minette-porphyry ; 
but the term porphyry has been so vaguely applied that I venture to think 
it should be dropped altogether from scientific nomenclature, and quartz-felsite 
substituted for it.—T. G. B. 
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Layers of calcite, interposed between the cleavage-planes, may also 
be observed, as figured by Prof. Zirkel*. 

Augite.—Associated with the mica, in more or less abundance, is 
a mineral which is herein generally described as augite. In some 
cases it undoubtedly is this mineral, the characteristic section per- 
pendicular to ¢ being very conspicuous ; in others, however, the form 
(at any rate now) is indefinite. The crystal is almost always replaced 
by secondary products. In some (and here we note the external 
form to be, as a rule, better preserved) there is chiefly viridite (a 
feebly doubly-refracting variety, probably delessite or some serpen- 
tinous mineral) ; in other cases calcite or dolomite predominate, with 
some indications of viridite and another secondary mineral (possibly 
also magnesian), which exhibits a rather indistinct microgranular 
structure, and is doubly refracting, showing dull milky-blue tints. A 
somewhat similar result of decomposition in the case of hornblende 
is figured by Prof. Zirkely. 

Calcite is present in many of these rocks, showing the characteristic 
cleavage ; but not seldom associated with it, and sometimes predo- 
minant, is an apparently different mineral, which is more probably 
dolomite. The form of the crystalline grains is more regular, the 
cleavage-planes are less distinctly marked, and the colours more bril- 
liant than is usual in calcite. A study of numerous slides contain- 
ing calcite, and several of dolomitic rocks from various localities, 
among others the Italian Tyrol, seems to prove that dolomite, when 
pure, commonly occurs in rather regular polygonal or rounded 
grains, while in the case of calcite these are irregular. In the 
former the cleavage-planes are less conspicuous than in the latter; 
but the grains, when lying in the right position (with crossed Nicols), 
are beautifully coloured, showing a bright apple-green and its com- 
plementary pink, while the tints of calcite are dull. For these rea- 
sons, which are given at length, as the writer has not seen them 
noted in the ordinary text-books, he considers much of the mineral 
in these mica-traps to be dolomite, to which also we may per- 
haps assign a number of very minute bright-coloured granules which 
are disseminated over the slides. 

Opacite and ferrite are employed in the sense assigned to them by 
Prof. Zirkel+,—the former denoting “ black, entirely opaque, amor- 
phous grains and scales,” which are very frequently metallic oxides, 
especially of iron; the latter ‘“‘ yellowish, reddish, or brownish, 
amorphous, earthy substances, which are not unfrequently pseudo- 
morphous after iron-bearing minerals, probably very often hematite 
or limonite.” We have, however, included in the former term 
grains which are not strictly amorphous, but either rather too 
small or not so placed as to have their form determined with 
accuracy. 

With two exceptions, the mica-traps here described lie in an irre- 
gular band, extending from Windermere to a few miles east of Sed- 

* U.S. Geol. Expl. of Fortieth Parallel, ‘Microscopic Petrography, pl. v. fig. 1. 


+ Loe, cit. pl. iii. figs. 2, 3. 
t Loe, cit. p. 12. 
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bergh, and are described nearly as they would be met with in 
travelling from west to east. 


(1) Dyke 2 mile from Windermere Station. 


Characters.— Macroscopic. A compact ground-mass of ash-grey 
colour, enclosing numerous crystals of a dark-brown mica, most of 
which have a silvery lustre, apparently produced by their adherent 
films—probably a decomposition product. The mica crystals are 
commonly more or less hexagonal in form, and about 0-1 inch 
diameter. 

Microscopic. The rock, at first sight, appears to have a clear pale- 
brown glassy base, containing numerous microliths, generally aci- 
cular. Closer inspection reveals in the apparent glass more or less 
faint indications of a crypto-crystalline structure. With crossed 
Nicols this is rendered more distinct, innumerable microliths making 
their appearance. These show but faint light, and much of the field 
remains dark; but on rotating the stage new groups of microliths 
appear in the dark parts, while those formerly observed disappear. 
It may therefore be doubted whether any true glass now remains ; 
but it is highly probable that formerly such existed, and that the 
rock has been devitrified. 

In the above we have calcite or dolomite abundantly present, both 
in the ground-mass in fine granules, and in separate crystalline grains 
up to about 0:01 inch in diameter; brown mica (biotite) abundant 
in crystals of various size; granules of some iron peroxide, rather 
decomposed, aot rare; dolomite, and a nearly colourless hydrous 
mica (?) ; numerous grains composed of dolomite and serpentinous 
viridite. Among these we find sections corresponding closely with 
the familiar form of augite when cut perpendicular to ¢. 

The following is an analy sis of the rock :— 
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The proportion of K to Na is in favour of naming the rock 
minette-felsite ; but the percentage of SiO, seems low, and that of 
Fe and Ca high, for a rock containing orthoclase. It occurs intrusive 
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in Bannisdale Slates, is exposed in a railway-cutting, being about 
1 foot thick, and is only visible on the south side. The rock in con- 
tact is but little altered. The mica-crystals in the dyke and the 
principal joint-planes are parallel to the sides. Some 2 feet from 
this is another dyke, also about a foot wide, which does not reach 
the surface, and is doubtless an offshoot. 


(2) Dyke, Barley Bridge, Staveley. 


Characters.— Macroscopic. A rather compact, pale reddish-grey 
rock, of decomposed aspect, with numerous specks of pale celadon- 
green and very minute glimmering lines. 

Microscopic. The ground-mass is rather decomposed and of a light 
brick-red, from ferruginous staining ; but 1t was once probably either 
microcrystalline throughout, or exhibited a glassy base thickly 
crowded with acicular felspar-microliths, which still show traces of 
fluidal structure. There are many grains of iron peroxide (? hema- 
tite), and numerous grains or crystals of a mineral which is replaced 
partly by calcite and partly by a pellucid pale-green serpentinous 
mineral. One or two evidently have once included portions of the 
eround-mass. On the whole, it seems probable that this has 
been augite rather than hornblende. ‘There are also a fair number 
of scales of brown mica. 

The general character of this rock, and its comparative poverty in 
mica, make it better to remove it from the mica-traps, and name it 
a porphyrite. 

This dyke occurs exposed in the bed of the Kent, cutting the Ban- 
nisdale Slates at right angles to the bedding-planes, and hardly 
altering them. It is about 2 feet wide. 


(3) Dyke, Gill Bank, 14 mile N.N.E. of Staveley. 


Characters.— Macroscopic. Appears to be a finely crystalline mix- 
ture of a dull-red felspar and dark-green mineral resembling horn- 
blende, with a few small scales of black mica, having the general 
greet of a very fine-grained syenite. It weathers a rusty-brown 
colour. 

Microscopic. The rock has evidently been much altered subsequent 
to crystallization, but it appears to have been crystalline throughout. 
The felspar is much decomposed, stained reddish brown, being both 
frequently pierced with needles of zeolite and associated with secon- 
dary quartz. The common form of the crystals, and faint indication 
of twins, make it very probable that most of these are plagioclase. 
There are seyeral small scales of brown mica, some needles of apa- 
tite, numerous crystalline grains and belonites of iron peroxide, pro- 
bably hematite, and a considerable quantity of a rather fibrous dull 
green mineral, almost certainly decomposed hornblende, associated 
sometimes with a little calcite(?). Analysis :— 
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Although the present condition of the rock makes it difficult to 
speak with certainty, we may venture, notwithstanding the amount of 
potash, to call it a diorite rather than a syenite. At any rate the 
amount of mica is not sufficient to warrant our retaining it among the 
mica-traps. 

This dyke is intrusive in Bannisdale Slates. It is more than 
20 feet wide, can be traced along the course of a stream for several 
hundred yards, and probably extends much further. It includes a 
large fragment of the Bannisdale beds, but neither this nor the ad- 
jacent rock are much altered. 


(4) Dyke, Stile-end Farm, between Kentmere and Long Sleddale*. 


Characters.—Macroscopic. The rock appears very finely crystal- 
line, the component minerals being much too small for recognition, 
and is of a dark-grey colour. 

Microscopic. The rock is a crystalline mixture of plagioclase 
(labradorite), hornblende, and iron peroxide (probably hematite). 
The first occurs in long, narrow, twinned crystals, like those common 
in dolerite. The second, partly in small well-defined prisms, of a 
clear olive-brown colour, rather free from ferruginous microliths 
(this variety is strongly dichroic); partly as a more filmy, fibrous, 
less well-defined, pale green variety, which barely shows dichroism, 
is associated with ferrugiuous microliths, occurring both together 
with and apart from the other, and having much more the aspect of 
a secondary product. It is possible that there may be also some 
little biotite. The iron-peroxide occurs both as grains of a more or 
less definite crystalline outline, and as isolated or aggregated minute 
rods or clubs (such as are figured by Borickyt). SBelonites are 
numerous, almost certainly of secondary origin. They pierce through 
both the felspar and hornblende, and are commonly from -0001 to 
-0003 inch in diameter. One or two of the largest seem to be of a 
very pale green colour, and resemble actinolite. If not this mineral, 
they must be zeolite. Apatite seems very scarce. Besides the above 
there are some larger crystals. Of these one set are much decom- 


* About 5 miles to N. of Staveley, and so out of the line. 
t Bohm. Basalt. pl. i. 
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posed, and so semiopaque. What remains is clear, not dichroic, 
and more resembles augite than any thing else. The other, still 
clearer, rather fibrous, and very pale green, is probably a variety of 
hornblende, resembling a secondary product. 

The following is an analysis of this rock :— 


WISECIS hh cece 3°62 
CONS sae cts gies 1:16 
LO eh vache a cote eae 49°52 
NBO gasses tics sateen 17-97 
1B) (Oia ae MSR St 5:06 
ICOM) net, pecta 2°61 
Tu Era). ele a ey 0:40 
Ca Oma ti sc ota oct: 7°80 
IMTOO is wats strcwsita nan tie 6-17 
BO 5 a el aensnoes entire: 2°34 
NEA OVC e Sie oem c 2°52 
99:07 


The hornblendic character of this rock requires us to remove 
it from the mica-trap group, and class it with the more basic 
diorites. 

This dyke is intrusive in Coniston Limestone, which is indurated 
for a distance of a few feet, and stands up above the dyke, which is 
weathered away (surface-colour rusty brown), and protrudes here 
and there from the grass, being about 4 feet wide, and traceable for 
about 20 or 30 yards. 


(5) Dyke, Kendal Road, 250 yards from 3rd milestone. 


Characters.— Macroscopic. A general resemblance to No. (1), ex- 
cept that the colour is browner, and the mica-plates often larger, 
being not seldom 0-4 inch in diameter; the lustre also is less 
silvery. 

Microscopic. An obscurely crypto-crystalline ground-mass, with 
some resemblance to that of No. (1), containing many filmy brown 
scales and fibres, probably of mica, with granular ferrite, and perhaps 
some apatite. Some of the belonites may be pale-coloured horn- 
blende. There are a few grains of quartz, probably secondary. The 
mica has a general correspondence with that in No. (1). The prin- 
cipal differences between the two slides is that this is without any 
conspicuous calcite or dolomite, or indications of augite or horns 
blende. 

The analysis is as follows :— 
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iWia ber sake: Pine BF, eo, 2:21 
CO ihe toh ieee 1°83 
IOLA Oy Ah TO 61:12 
ALOPH ROR. Cee aes 15:99 
Fel @: Avett eee 0-84 
MeO hx 0 had emer 1:70 
IN Gi Oar As eet eats: tr 
CAO Leia Site earn. eile} 
MICOS ee secre 2h: 4-93 
HCO Reise icc eno 4-80 
Nar OF ene eae 2:04 
100°58 


The potash probably belongs in part to the biotite, so, having re- 
gard to the large amount of lime present, it is clear the rock must 
be near to the plagioclase or kersantite group; but still it is better 
to name it minette-felsite. 

It weathers rusty brown, and occurs in Bannisdale Slates, being 
2 or 3 feet wide, much decomposed, breaking into large tabular 
masses along joints parallel to the sides, to which also the mica- 
flakes are often parallel. The adjacent rock seems hardly altered. 


(6) Dyke on Railway, W. of Docker Garth. 


Characters—Macroscopic. A compact grey rock, full of minute 
scales of brownish mica, with a rather silvery lustre, and indications 
of small felspar crystals. Specimen traversed by a vein of pink 
calcite. 

Microscopic. The ground-mass appears to be micro-crystalline ; 
but in parts there is indication of the presence of true crystalline 
structure, the outlines of felspar crystals being dimly discernible. 
These are often traced out by lines and clots of opacite. The ground- 
mass is much stained by ferrite, and traversed by acicular microliths, 
so that the original structure has been greatly obliterated. Mica is 
abundant, also dusty green patches of some decomposition-product, 
grains of iron peroxide (some magnetite), and some augite. 

An analysis gives :— 


Wiater aa ay eine 3°83 
COW Pi tree Moutencre ie (He, 

SILOM er anugerse a helen. 48°57 
ANE Gas Wesel ray atey pene 18:52 
Hei Org tee get ais utes: 1:60 
HeEO 37... aaa ae 6°87 
IME Oj ate ts ie ete ae 0:60 
CaO Fae ae eae 2°79 
MoO Pescin ie ere 8:97 
KI OR ee eae 8 O71 
INK OMR sc. See ene 1:59 


FROM THE KENDAL AND SEDBERGH DISTRICTS. 173 


The rock, then, appears to be a minette-felsite. 

The dyke is in a line of fault in the Bannisdale Slates, being about 
2 or 3 yards wide. It weathers to a ney powdery mass, and is tra- 
versed by numerous calcite veins. 


(7) Dyke 8. of Haygarth, Docker Fell. No. I. 


Characters—— Macroscopic. A compact, very dark purplish-grey 
ground-mass, with numerous scales, generally considerably less than 
0-1 inch, of brown-black mica, with bright lustre. 

Microscopic. A clear ground-mass, containing numerous minute 
belonites, mica-scales, and grains of ferrite, which appears to have a 
micro-crystalline structure throughout. In this are numerous crystals 
of biotite, frequently hexagonal in form, much freer from calcite and 
enclosures than in No. II. There are a few grains of calcite and 
a few of some saussuritic mineral (the former may be a pseudomor- 
phic product after augite, the latter, perhaps, after felspar) and plates 
of mica are around, so as to border them, and, in one or two of the 
larger, small plates are included. There are one or two grains of 
quartz present, generally bordered by a dull granulated ring. They 
contain a few minute cavities. In one case the grain is a compound 
one. Their appearance suggests the possibility of their having been 
caught up by the molten rock. Associated with one of these in a 
part of the slide is a crystal of plagioclase apparently broken up, the 
fragments being twisted into different positions. 

The following is an analysis :— 


\WEIUSER Eee Sieiaere 6 2°35 
CLO) Speke etste Lomita 0-66 
SiO Ped. sre teres sce 58°34 
INO) ae OE ie aE 16°33 
CN OR Wren ee ces. wetter: 2°28 
HCO Rr errata te 3°88 
ADGA? sek aoe y uami ks 0-14 
CaO ee Es a 5°65 
IM ORES Bie 8 he 3°34 
KG OREe Liens TAT AS fe 5:55 
INGA Osea gore cts) avai 2:20 

100-72 


This shows the rock to be a minette-felsite. 


(8) Dyke S. of Haygarth, Docker Fell. No. II. 


Characters.— Macroscopic. A compact ground-mass of a reddish 
chocolate-brown colour, pretty full of scales of mica up to about 
0-1 inch, but occasionally much larger. The mica is of a brown- 
black colour, with a bright, rather silvery lustre. 

Microscopic. A crypto-crystalline, almost glassy base, stained 
brown with ferrite, and containing very many minute scales, as well 
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as numerous more or less regularly formed plates of olive-brown 
biotite, frequently containing minute acicular, granular, or platy 
enclosures, being sometimes ferrite, sometimes perhaps smaller scales 
of mica, arranged generally along the planes of principal cleavage, 
giving rich colours with crossed Nicols. Nearly colourless crystal- 
line grains, now composed of calcite or dolomite, with a little viridite 
and other secondary products, are common. The general appearance 
suggests that they are pseudomorphs after augite ; and in one or two 
the angles of transverse sections of the crystal correspond fairly 
well with those of that mineral. We also find crystalline grains of — 
a ferruginous mineral, probably hematite. 
The following is an analysis :— 


EWiatter (eve tert ten semen 301 
COE ee ee a ein as 2:01 
SHO aeaasai pontine crowterdats 47°88 
AO 2 arti eeyiet es 19°14 
ClO une 4:33 
1 10 RR i NO tela 1:67 
VETTE AC are a ee 0°35 
CAO ee eee 6:16 
Nia OM rari ere 6°36 
EO ee rg metetee ge 5:54 
INGION ee ee 2°45 

98-90 


The analysis seems to place this rock with the minette-felsites, but 
there is evidently a very considerable portion of plagioclase felspar 
present with the orthoclase. 

The dyke now is not clearly exposed at the place where it is 
mapped by the Survey, so these specimens were collected from 
boulders on that spot, some blackish, others brownish in colour. The 
difference in the analyses is remarkable, and shows that they can 
hardly be from the same rock, but that there must be more than one 
dyke close by. The adjoining sedimentary rock belongs to the Kirkby- 
Moor Flags. 


(9) Dyke in River Lune, S.W. of Sedbergh. 


Characters.—Macroscopic. A compact dark ground-mass, full of 
crystals of dark-brown mica, up to about % inch in diameter. 

Microscopic.—The ground-mass shows great decomposition. At 
present it may be described as a compound mass of earthy-looking 
dust, often gathered into clots, and occasionally associated into 
crystal-like forms, interwoven, as it were, with colourless needles 
(some probably apatite), grains of opacite, flakes of mica, and sur- 
rounded by a colourless base. It is, however, more than doubtful 
whether any true glass is present ; and careful examination makes it 
appear probable that the whole has once been crystallized, though 
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finely, and felspar has been the principal constituent, but that the 
forms of the crystals have been almost obliterated by decomposition. 
So far as can be inferred from the outlines still to be traced, they 
most probably were plagioclase. In this ground-mass crystals of bio- 
tite abound, up to about :03 inch in diameter, and numerous grains, 
as usual, of another mineral. These grains are traversed by irregular 
eracks, lined with a filmy olive-brown serpentinous mineral, and 
rather resemble altered olivine ; but two or three fairly well preserve 
the outlines of augite. In some the other replacing mineral is cal- 
cite (or dolomite), in the majority the granular (? serpentinous) 
mineral mentioned above. We may then class this rock as a 
decomposed kersantite*. 


(10) Uldale Heady. 


Characters.—Macroscopic. A compact dull brownish-grey rock, 
containing many small crystals of biotite, and a few small pale-grey 
crystals. In another specimen (which seems more decomposed, and 
is of a paler colour) the mica crystals occasionally attain a larger size, 
one or two being about 0°25 inch. 

Microscopic. The ground-mass of this rock appears to consist of a 
glassy base crowded with microliths. These are :—(a) colourless 
microliths, probably felspar, and possibly, in some cases, augite ; 
(6) brown mica ; (c) ferrite and opacite. In this base are scattered 
larger grains of iron peroxide (? hematite), the usual crystals of bio- 
tite (rather free from enclosures), and a nearly equal number of 
grains and crystals of augite, altered in the usual way, but in one or 
two cases showing the characteristic outline of the section perpendi- 
cular toc. One of these contains acicular ferrite, which has been 
arranged parallel to the planes of prismatic cleavage ; but most are 
clear. The decomposition-products are rather variable, but there is 
little calcite or dolomite. Plagioclase is not certainly recognizable ; 
but (so far as an opinion can be formed from microscopic exami- 
nation) the rock is probably a kersantite-porphyrite. 

It is intrusive in Coniston Grits, forming a dyke probably some 
yards wide, but the sides are not exposed. It is generally much 
decomposed, being in places almost a sand. Fragments of the 
Grit are occasionally included. 


(11) Holbeck Gull. 


Characters—Macroscopic. A rather pale reddish-grey, dusty- 
looking rock, containing numerous small crystals of dark mica, with 
rather silvery lustre and a few pale-green specks. On a polished 
surface it has a minutely crystalline aspect. The rock is much de- 
composed ; external surfaces are rather redder than the rest. 


* I believe this specimen to be from a dyke in Coniston Flags, but have no 
information beyond the label on the specimen, which has been in my possession 
for some years.—T. G. B. 


t E. of River Lune, considerably to N. of the general line of those we are 
describing. 
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Microscopic. Much decomposed, but apparently a crystalline mix- 
ture of plagioclase felspar and biotite, with grains of iron peroxide 
(some at least being magnetite) and a few grains of altered augite. 
The felspar is greatly decomposed, full in parts of earthy secondary 
products and colourless belonites, probably also of secondary origin 
(some, however, may be apatite), with occasional clear spaces of an 
isotropic mineral. The mica is frequently in hexagonal plates, 
rather unusually dark brown in colour, with a good many ferruginous 
enclosures—in one or two cases parts of the crystals are rendered 
quite opaque by them. 

The rock accordingly appears to be a kersantite. It forms a 
narrow dyke in the Coniston Grits. 


(12) Highest Dyke, Helm Gill, near Dent. 


Characters.— Macroscopic. A compact dark-grey ground-mass of 
felspathic aspect, containing numerous scales of black mica, varying 
up to about 0-1 inch diameter. Here and there is a small pinkish 
erystal resembling felspar. 

Microscopic. The transparent base exhibits with crossed Nicols a 
rather obscure microcrystalline structure, the better-defined crystals 
being prismatic in form, with a tendency to afan-like grouping. In 
this are some grains of magnetite, a great number of crystals of bio- 
tite, as usual, and a number of somewhat irregular pale-green grains 
of rather variable structure. They are often rudely defined at the 
exterior by small mica-plates and ferruginous grains, containing also 
small grains of both and numerous minute belonites. The green 
mineral is feebly dichroic and doubly refracting. Probably they 
have been augite or hornblende. Minute specks of calcite or dolo- 
mite abound in them, and are largely disseminated in the slide. 

A partial analysis shows that this rock is decidedly different in 
chemical composition from the next; this, however, is to a consider- 
able extent due to the much smaller amount of CaCO,. As the pot- 
ash is considerably in excess of the soda, we may group it with the 
minette-felsites. 


(13) Lowest Dyke, Helm Gill, near Sedbergh. 


Characters.— Macroscopic. Generally similar to the last, but slightly 
less conspicuously micaceous. 

Microscopic. This presents some differences. The ground-mass is 
more crowded with microliths of various kinds, so that it has amore 
granular aspect; and the greenish grains in it are larger, paler, and 
rather more clearly defined. They are occupied by an aggregate of 
dolomite and almost colourless serpentinous mineral, The ground- 
mass also is full of minute bright specks (dolomite?); it was 
evidently never distinctly crystalline, and is now, so far as can 
be seen, microcrystalline, suggesting orthoclase rather than plagio- 
clase. 

The following is an analysis :— 
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Waterit nace nahin 3°69 
COB Iie Bean aL 1371133 
SiO cine ahd nantes 32°31 
TO) ies ashes syarrahe easel: 12:15 
Bese bis ie isa atte 1:97 
HeO a triher tes iver tic 5:99 
NEOs Sauk Me a 0-13 
CaO: a Syh eoeraay lh 17°68 
MIS ORES nah sei ce 8:24. 
ARROW A: Sm btsale nS. 4:09 
INNO vince tosis 0:43 

99°81 


Its general appearance and the proportions of potash and soda seem 
to justify us in calling this rock a minette-felsite ; but the percentage 
of silica, even when allowance is made for the large percentage of 
calcic carbonate (probably in great pait due to infiltration), is low for 
an orthoclase rock. If all the CO, is in combination with the CaO, 
that would imply about 29°5 of CaCO, ; and removing this, the silica 
percentage would rise to about 46. 

These two dykes belong to a group of about four which are ex- 
posed in and near the little stream of Helm Gill, on the north side 
of the valley above Dent. They are generally from 2 to 3 feet thick, 
and similar in character, those from which specimens were taken 
being the most different. They weather a deep warm brown, with 
a roughish surface and slightly rounded outline. The rock is 
extremely tough. They are intrusive in the Coniston Limestone. 

The rock beneath the upper dyke is an impure limestone. It is 
much indurated, and contains specks of a bright green mineral 
resembling smaragdite. A more argillaceous rock lower down was 
only a little indurated and rather broken. 


(14) Cross Haw Beck. 


Characters.— Macroscopic. A rather pale violet-grey, dusty-looking 
rock, containing numerous small crystals of black mica, and occa- 
sional small scales of a pale-brown mica, with silvery lustre. A 
polished surface, however, shows it to be a crystalline mass of a dead- 
white felspathic mineral, a greenish-grey mineral, and black mica. 

Microscopic. The rock has probably been a crystalline mixture of 
felspar, biotite, iron peroxide, and augite, but it has undergone much 
alteration. The first suggests orthoclase, but is greatly altered, the 
second and third minerals only being at all well preserved ; the last 
is commonly replaced by calcite and various decomposition-products. 
In some cases the mineral still retains a cleavage resembling that of 
augite, but has lost its usual influence on polarized light—a thing 
which I have elsewhere noted in decomposed augitic rocks. There 
is also probably a little potash-mica. 

The rock, then, may be named minette. It forms a narrow dyke, 
imperfectly exposed, in the bed of a stream in the Coniston Flags, 


(15) First Tributary (on W.) to Backside Beck, Westerdale. 
Character.—Macroscopic. The rock is compact in texture, and dull 
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grey in colour, of rather decomposed aspect. The felspathic ground- 
mass 1s crowded pretty thickly with minute scales of mica, with a 
rather silvery lustre. The rock is traversed here and there by thin 
veins of quartz. 

Microscopic. A cryptocrystalline felspathic ground-mass, with a 
general resemblance to those from Helm Gill. Much brown mica 
(some of the smaller plates of a green colour), some apatite, several 
grains of iron peroxide (? ilmenite), and a considerable number of 
crystals and grains resembling those in the lower Helm-Gill rock, 
and probably pseudomorphs after augite. Calcite is undoubtedly pre- 
sent in a vein, and there is probably some disseminated dolomite. 

The rock is probably a minette-felsite. The dyke is a narrow one, 
and is intrusive in Coniston Limestone. 


(16) Wattle Gill, Westerdale. 


Characters.—Macroscopic. A compact dark rock, containing a 
quantity of black mica, generally in small crystals, rarely exceeding 
0-1 inch diameter, and some scattered crystals, occasionally a little 
longer, of a pale-grey colour. Weathers brown. 

Microscopic. Very similar to those of the rock from Uldale Head, 
except that extremely little, if any, of the base remains in a glassy 
condition. A separate description is hardly necessary. Here also 
there is variety in the pseudomorphous products replacing the augite 
erystals and grains. One which affords a perfectly characteristic 
8-sided section, with the usual rectangularity of the alternate sides, 
is mainly occupied by a pale olive-brown, hardly dichroic mineral, 
which with crossed Nicols appears an aggregate of several minute 
minerals. In the majority, however (which in form are less cha- 
racteristic), dolomite appears to predominate. It contains numerous 
enclosures, three or four being brown mica, and some, apparently, 
portions of the base, containing (felspar?) microliths. 

The dyke is a narrow one, intrusive in Coniston Limestone, and is 
probably kersantite-porphyrite. 


(17) Dyke from the upper part of Westerdale. 

Characters.—Macroscopic. A compact, dull greenish-grey rock, 
with some darker specks, and a great number of mica-scales, almost 
too minute to be visible to the unaided eye, of silvery aspect, so that 
it is by no means a conspicuously micaceous rock. It is evidently 
much decomposed, and weathers a rusty brown. 

Microscopic. There has probably been a glassy base crowded with 
microliths of felspar, augite, mica, and ferrite ; but the present condi- 
tion of the rock makes it difficult to speak confidently. In this are 
numerous small crystals of biotite, rather full of enclosures, often 
with interstitial calcite (?), also, possibly, large grains of some white 
mica, iron peroxide, and numerous crystalline grains of either augite 
or hornblende, chiefly replaced by viridite (serp. var.), and some cal- 
cite or dolomite. Some colourless crystals may be pseudomorphs 
after felspar, but they have rather the aspect of a micaceous or pyr- 
oxenic mineral. 

The general aspect of the rock suggests affinities with the basic 
group, so that it probably is a kersantite-porphyrite. It forms a 
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narrow dyke at the base of the Coniston Flags, near to a rather 
salmon-coloured indurated slate in the upper part of Westerdale. 

Tabulating the above results, we accordingly have the following 
classification of these mica-traps, though it must be remembered 
that some of those named minette-felsite are probably near the 
plagioclase group. Indeed the majority, as will have been seen 
from our examination, cannot be considered very typical examples 
of the species to which they are referred :— 


Minette. No. of description. 

Cross Hawebeck: Sager. Daya! 
Kersantite. 

SCOR MeN mi acer cent ser creat Smeg rele (9) 

NOE Ca NGallaey Herre ce teem nt hades (11) 
Diorite (micaceous). 

SPR ATM ye ea eho Pes a5 in) coon nege faa (3) 

‘Stil leecareyale era ee dretstel ae ie daleeen Naveen Ot Selena (4) 
Minette-felsite. 

Near Windermere Station ............ (1) 

iKendalyioadeatacscnirsn henhdl. avs bye testa (5) 

RioilwaveWocker) Garbliseh<:iacierat. sien (6) 

Southiot Mayearths. Geis am se oe. (7) & (8) 

Jelelbent Cole assed en ere eet (12) & (13) 

Backside: Becks cna) sbi) noc 648d .. (15) 
Kersantite-porphyrite. 

Widalémiicade ye Bas, Peibhce hue a (10) 

Wet AG WIR S Ay 2 EES Sanita aie, (16) 

Wrfesbondellery.se Sonat! Mts Hy hats hy Mis (17) 
Porphyrite. 

BATIOVEDTIO2 OC: deuce ahs aes elec ate (2) 


One remark only need be made in conclusion. It has been sug- 
gested that possibly some of these mica-traps may not be true igneous 
rocks, but the result of metamorphism, by the assimilation of por- 
tions of the adjacent sedimentary rock, through the action of gases 
or of hot water (holding various minerals in solution) communicating 
along lines of fissures with the joints. The cases which we were able 
to examine in the field did not appear to favour this view ; andif any 
contidence can be placed in microscopical investigation, there is nothing 
in fayour of and every thing against it. Ifthe word igneous be used in 
its ordinary sense, there need not be the slightest hesitation in class- 
ing these mica-traps with the igneous rocks. From the above 
descriptions it would seem probable that most of them solidified at 
no great depth. Hence, as their geologic age is certainly later than 
the Upper Silurian, and is very probably Precarboniferous, we should 
be disposed to refer them to some part of the Old Red Sandstone 
epoch, and that probably not the earliest, connected, it may be, in 
some sort with those volcanic disturbances which have left such con- 
spicuous monuments in Scotland. 
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Discussion. 


The Presipent thought that very commonly the method suggested 
by the author for discriminating between calcite and dolomite under 
the microscope was not applicable to limestone rocks. 

Mr. Rurtzy said he was acquainted with the rocks described, and 
that he entirely agreed with the author in his conclusions. He 
pointed out that many of the Lake-District dykes mapped by the 
Geological Survey as felstones should be regarded as such, or as 
micaceous eurites. 

Prof. Sretry thanked Prof. Bonney for clearing up many of the 
difficulties connected with minette which he had himself in vain 
endeavoured to grapple with without the aid of the microscope. 
He offered the suggestion that some minettes may have been formed 
by the consolidation of masses of volcanic dust that had fallen and 
filled, or been compressed or washed into, fissures. He cited in- 
stances in the Eifel of masses of volcanic dust containing crystals 
of mica and other minerals in every stage of development, so as 
to present an external approximation to minette. He suggested 
that some of the specimens which were described by Prof. Bonney, 
containing, as they did, so large a proportion of carbonate of lime 
and other evidences of decomposition, might have so originated. 

Dr. Hicks asked if the dykes of minette altered the adjoining 
rocks. He suggested that they might result from the metamorphism 
of mica-slate, and have been forced from below into fissures. 

Mr. Rurtey confirmed the true eruptive character of the dykes 
and bosses of minette referred to in the paper. 

Dr. Suerener had lately studied the minettes of the Vosges, and 
was able to confirm Prof. Bonney’s views as to the true igneous 
origin of those rocks. In the Vosges similar dykes occur in the 
Precarboniferous greywacke and clay-slates of the Vosges, and the 
rocks on either side are perceptibly altered. 

Mr. W. W. Smyru stated that somewhat similar micaceous rocks 
had been described by Mr. Collins as occurring a few miles E. of 
Truro in Cornwall, and as being plutonic rocks constituting very 
flat-lying dykes. For those rocks Mr. Collins had, perhaps un- 
fortunately, proposed a number of new local names. 

Prof. Bonney replied to the President that, although the characters 
described in dolomite were not always found, yet when found they 
distinguished it from calcite. His real difficulty in dealing with 
these rocks was owing to the indistinct crystallization or de- 
struction of the felspars. He did not know whether he ought 
to treat Prof. Seeley’s suggestion as serious, especially as he had 
not examined the volcanic dust with the microscope. He said that 
the dykes in question sometimes narrowed from below upwards, 
and none of them ever contained any trace in microscopic sections 
of the clearly marked features of volcanic dust, which were seldom 
obliterated in altered rocks. He replied in the same way to Dr. 
Hicks’s suggestion, and stated that there were not the smallest 
grounds tor regarding these as otherwise than truly igneous rocks. 
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13. Notes on Pruvropus Arrinis, sp. ined., Agassiz, and Du- 
SCRIPTION of THREE Sprnus of Cusrracronrs from the Lownr 
Coat-MuasurgEs. By J. W. Davis, Esq., F.G.8., F.S.A. (Read 
November 20, 1878.) 

[PuatTe X.] 


Two years ago I had the pleasure of reading a paper to this Society 
describing a thin stratum of shale known to extend over an area of 
several miles, immediately above the Better-bed coal in the neigh- 
bourhood of Clifton and Low Moor, south-east of Halifax. ‘The 
stratum averages from a quarter to three eighths of an inch in 
thickness, and is almost entirely composed of the fragmentary 
remains of fishes and Labyrinthodonts. Between thirty and forty 
species of fishes have been found, and are enumerated in the paper 
already referred to*. 


PLEURODUS AFFINIS, sp. ined., Ag. (PI. X. figs. 1-11.) 


Associated with these, several specimens of a peculiar Ichthyodo- 
rulite have been found during the last four or five years. Three 
of the specimens are well preserved, one of them nearly perfect 
and well separated from the matrix ; and there are also several 
others in a more or less broken condition. 

The length of the largest and most perfect example (fig. 10) is two 
inches and one tenth, and its greatest breadth, about the middle of the 
spine, is four tenths of an inch; from this point it tapers gradually 
in each direction to the basal and apical extremities. The anterior 
margin of the spine forms a gentle uniform curve from the base to 
the point ; on the posterior aspect the curvature is much more rapid 
from the point to the broadest part, thence it recontracts in an un- 
even line and ends in a somewhat rounded base about two tenths of 
an inch in diameter. The whole of the spine is much compressed 
laterally. The surface is marked by a series of fine longitudinal striae, 
fibrous in appearance, most distinctly marked on the basal end of the 
spine, and gradually disappearing towards the apex, which is quite 
smooth (fig. 11). Fully half the spine appears to have been buried 
in the integument or muscles of the fish. Along the back there is a 
cavity extending from the base one inch and three tenths, which 
probably enveloped and protected the dorsal fin. Higher, the cavity 
becomes enclosed and is ovate in form, remaining in a position 
much nearer the back than the front of the spine. 

Associated with these spines are numerous teeth, and there is 
eyery reason to believe that they have belonged to the same fishes. 

The teeth (figs. 1-8) are obliquely ovate in form, produced so as to 
form a coronal ridge along the longer axis ; the front part of the tooth 
is narrow, almost pointed, but becomes wider and more rounded back- 
wards. From the semi-pointed coronal ridge in the front part the 


* Quart, Journ, Geol, Soc. 1876, vol, xxxii, p, 532. 
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sides are spread out from the base to about the same width as the 
hinder portion of the tooth. These lateral wing-like processes are 
cut or notched transversely to the axis of the tooth. The notches 
vary in number from four to cight. There is also considerable 
variation in the form of the teeth themselves ; some are narrower, 
others broader, in proportion to their length. An average tooth is 
from six to eight tenths of an inch in length, the breadth equalling 
half the length. The majority are covered with a greyish-white 
enamel and are ornamented with inosculating delicate transverse 
ridges which occasionally assume a reticulated character, especially 
near the edge of the lateral process. In a large proportion a finely 
pitted or punctured surface takes the place of the ridges; and more 
rarely the two are combined and give a most exquisite texture to the 
enamel. The anterior central part of the coronal ridge is frequently 
worn down to a flat surface in the larger and apparently older teeth ; 
and in the teeth exhibiting this character a much greater degree of 
curvature may be noticed ; the tooth, the base of which is, as a rule, 
rather flat, assumes quite a crescent shape, as in Pl. X. figs. 6-8. 

By the kindness of Mr. J. Ward, of Loughton, I have been able to 
compare my specimens with two or three from the Staffordshire coal- 
field. One of these is in connexion with a few fragments of teeth, 
which are probably those of Helodus simplew, Ag. ; and if this be the 
case, there is certainly a great resemblance between the two sets of 
spines. The teeth of Helodus, however, are almost unknown in the 
Bone-bed, whilst nearly two hundred teeth of Pleurodus are in my 
possession, which have been found in immediate juxtaposition with 
the spines. That the latter are the spines of Plewrodus receives some 
support from the fact that Messrs. Hancock and Atthey found in the 
Coal-measures at Newsham a small spine connected by shagreen with 
the teeth of Pleurodus Kankinii. The specimen is described in 
Nat. Hist. Trans. of Northumberland and Durham, vol. iv. part 1. 
page 408. From the illustration which accompanys the description 
of the fish-remains, the spine appears to be imperfect, and has lost 
the basal part ; in other respects it bears a very exact resemblance to 
the exposed part of the spines from Clifton. 

Itis described as being five eighths of an inch in length and situated 
at the anterior extremity of the dorsal fin. The fish is represented 
as being a little more than three inches from the head to the tail, and 
nearly two inches in depth a little behind the head. The position 
of the head is indicated by the presence of teeth, which are in a 
disturbed condition and probably about ten or twelve in number. 
No bones are distinguishable, the skeleton having been entirely 
cartilaginous. The whole of the specimen is covered with shagreen, 
the tube rcles being very minute and much scattered. The teeth 
are two tenths of an bal long, “ boss-like in form, somewhat elongated, 
and ridged or carinated along the longer axis; the sides are con- 
siderably expanded in the centre, the expansions dying out towards 
the end of the tooth.” A specimen, twice the size of this, is men- 
tioned as having been found at Kenton, which, it is suggested, may 
belong to another species. 
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Comparing the Newcastle specimen with those from the Halifax 
district, the difference in the size of the spines and teeth indicates 
that the Pleuwrodus occurring in the latter was nearly or quite a 
foot in length; and the difference in the form of the teeth (those 
from the Better-bed coal being much more elongated, and not laterally 
expanded like the smaller teeth described by Hancock and Atthey) 
appears to give support to the determination of L. Agassiz that there 
are two species of Plewrodus, and that the subject of this description 
should retain the name of P. affinis, Agassiz. 

That the spines and teeth have not been found connected by 
shagreen in the Bone-bed will be easily understood when it is con- 
sidered that the remains of much more bony fishes, such as Mega- 
lichthys or Ccelacanthus, are rarely found connected together, and 
that the spines and other hard parts are frequently broken and 
fragmentary. The circumstances attending this deposition indicate 
a shallow littoral area much disturbed by waves and currents. 
Pleurodus, being entirely cartilaginous, would have a very poor chance 
of being preserved in a perfect and connected condition, the soft 
cartilaginous parts quickly decomposing, and the teeth and spines 
becoming scattered by the waves. 

Since writing the above description, I have found, in the cabinet of 
my friend Mr. W. P. Sladen, a very fine and large specimen of the 
spine of Plewrodus (fig. 9); and although it is not from the Bone- 
bed, it may be well to mention it at the present time. In all essential 
particulars it answers to the description already given of the fin- 
ray of Pleurodus affinis, except in its large size. Its length is three 
inches, and its breadth seven tenths of an inch. The point and a 
part of the base are broken off, so that had the spine been perfect, 
it could not have been less than 3-7 inches long. It was found 
above the Black-bed coal at Dudley Hill, near Bradford, Yorkshire. 


HopLoncnus ELEGANS, n. gen. et sp. (PI. X. figs. 12-14.) 


Hight more or less perfect specimens of this Tehthyodorulite, 
besides a few fragmentary ones, have been found and are at present 
in my collection. The genus is enumerated in the list of fossil fish 
occurring in the Bone-bed above the Better-bed coal in the paper 
already referred to, and to it I then applied the name of Hoplonchus. 
Four of the specimens are larger, stronger, and straighter than 
the remaining four, the latter being much curved and more rapidly 
converging to a fine point. The larger spines (figs. 13, 14) are 
about 1:5 inch in length; of this, 1:1 was exposed, and the 
remaining ‘4 inch formed the base, which was imbedded in the 
inteeument of the fish. The line dividing the two parts forms a 
curve from the dorsal margin towards the base at an angle of about 
60° to the length of the spine. The greatest breadth is *2 inch 
at the junction of the basal and exposed part ; from this point the 
breadth gradually diminishes to the apex; the anterior face is nearly 
straight, the posterior slightly curved. The fin-ray is laterally com- 
pressed, and ornamented by a slightly varying number of longitudinal 
Striations ; midway between the apex and the basal line they number 
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four or five, and these gradually converge towards the apex : in the 
opposite direction the number is increased by bifurcation to ten or 
even twelve. The striew or coste are covered with smooth black 
enamel, which towards the base is produced into minute beak-like 
or knotty prominences. The intercostal spaces are more fibrous in 
appearance, and are as nearly as possible the same width as the coste. 
The most anterior ridge is separated by a wider intercostal space 
than the others, and is produced so as to form a carina, or keel, ex- 
tending along the whole length of the exposed part of the spine. 
The posterior portion appears to be excavated only a short distance 
from the base towards the apex; and the remaining portion is pro- 
tected by seven recurved, pointed denticles, long in proportion to the 
size of the spine, and widely separated. The basal or implanted 
part of the spine is conical in form and presents the usual fibrous 
structure. 

The smaller spines (fig. 12) are in many respects similar to those 
already described; they have the same graceful ornamentation of 
the lateral and anterior faces, and the posterior surface has a row of 
pointed denticles. They differ, however, in being smaller, rarely 
exceeding an inch in length, and are less than proportionately broad. 
Their curvature is very considerable compared with that of the larger 
ones; they are almost sickle-shaped; and from the middle portion 
of the spine the edges converge rapidly to the apex, which forms 
an acute point. 

After a careful comparison of the two forms with examples of 
recent fishes, the supposition appears reasonable that the fish to 
which they were attached may haye had two dorsal fins, the larger 
and straighter spines pertaining to the anterior one, and the shorter 
curved spine to the posterior dorsal fin. A very similar arrangement 
may be seen in the existing Spenaw acanthias, in the Cretaceous 
Drepanephorus canaliculatus described by Sir Philip Egerton in the 
13th Decade of the Geological Survey of the United Kingdom, pl. 9, 
and in Palwospinax priscus, 13th Decade, pl. 7. 

The new genus Hoplonchus is most closely allied to the genera 
Homacanthus, Leptacanthus, and Onchus of Agassiz*, and to a new 
genus recently described in the ‘ Memoirs of the American Geological 
Survey of Illinois’ by Messrs. Orestes St. John and A. H. Worthen, 
and named by them Acondylacanthus. From Onchus tenwistriatus, 
which is described by Agassiz as straight or feebly arched, with 
smooth and uniform longitudinal ridges, and having the base bevelled 
to a point, Hoplonchus differs in having recurved denticles at in- 
tervals along the posterior face. 

The genus Leptacanthus is described as long and narrow, with 
very numerous fine longitudinal strie, and also “two rows of closely 
set minute denticles along the posterior margin. ‘The striz do not 
form decided furrows; and in L. semistriatus there is a small space 
free of ridges along each side near the posterior row of denticles. 
The species known to Agassiz were from the Jurassic and Liassic 


* Recherches sur les poissons fossiles, par Louis Agassiz. Monographie des 
poissons fossiles du yieux grés rouge, par L. Agassiz. 
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rocks. Some years afterwards two species were referred to this 
genus by M‘Coy* from the Mountain Limestone of Derbyshire and 
Northumberland respectively. The Illinois Acondylacanthus bears 
a close resemblance to Leptacanthus of Agassiz. Both genera 
are long in proportion to their width, and are laterally ornamented 
by numerous longitudinal strie. Their postero-lateral angles in 
each case bear a row of closely set recurved denticles. Hoplonchus 
differs much in all these respects ; it is a smaller spine, and in pro- 
portion to its length is broader, and more rapidly and gracefully 
tapers to a point; the striz are much less numerous, are better de- 
fined, and regular in position. Hoplonchus is further distinguished 
by the crenulations on the ganoid ridges, which do not occur in 
either of the other genera. 

Homacanthus is the name given by Agassiz to a small Ichthyo- 
dorulite from the Devonian formation of Russia. Its flanks are 
ornamented by longitudinal homogeneous furrows, and its posterior 
margins are armed with a double row of minute denticles. It 
is distinguished from Leptacanthus by the small number of the 
ridges, and the much greater breadth of the spine compared with its 
length. M. Agassiz, in the ‘ Poissons fossiles du vieux grés rouge,’ 
says, “‘the great difference which distinguishes them is, that the 
furrows or ridges of Homacanthus extend over the whole surface of 
the spine as far as the denticles of the posterior edge, whilst in those 
of Leptacanthus the ranges of teeth are preceded by a smooth space.” 
This character, however, does not hold good with all the species 
placed by Agassiz under the genus Leptacanthus. M‘Coy, who added 
two species, H. macrodus and H. miecrodus+, to the H. arcuatus 
of Agassiz, remarks that “the genus is by no means a well-defined 
one; but when confined to these three species, it has a sufficiently 
distinct facies.” The species figured by M‘Coy are both from the 
Mountain Limestone of Armagh. They are both imperfect. 

The smaller and decidedly curved fin-rays of Hoplonchus, which 
it is here suggested may have been attached to a posterior dorsal fin, 
certainly bear a great resemblance to the spines of Homacanthus ; 
and excepting that they are more gracefully proportioned, the small 
number of striz and the recurved sharply-pointed denticles might 
indicate that the genera were the same, and it is possible that future 
researches may necessitate the union of Homacanthus and Hoplonchus. 


CrENACANTHUS HQUISTRIATUS, sp. nov. (PI. X. fig. 15.) 

The length of this spine is nearly six inches. It is gently curved, 
the anterior margin being somewhat more so than the posterior one. 
The length of the latter is 3,%, inches from the line dividing the 
exposed part of the spine from the base, which, when living, was 
imbedded in the body of the fish ; the length of the anterior margin 
is 4,1, inches. The dividing line forms a curve at an angle of about 
45° to the length of the spine. The greatest width at the junction 


* ‘British Paleozoic Rocks and Fossils,’ by Sedgwick and M‘Coy, p. 6383, 
pl. iii. G. figs. 13-16. 
t Op. cit. 
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of the exposed with the imbedded part of the spine is 58, of an inch, 
measured at right angles to the length. From this point to the apex 
the width diminishes gradually in the lower and middle portions of 
the spine; but the margins converge more rapidly in the upper part, 
and the spine ends in an acute point. The base, which presents the 
usual fibrous structure, tapers rapidly to a roundish extremity and is 
conical in form. The spine is compressed laterally ; but on account of 
its being imbedded in the matrix, the form of a transverse section 
cannot be ascertained. The exposed side is ornamented with a series 
of evenly parallel ridges. There is no appearance of the anterior 
outline being produced to form a carina. Near the base the ridges 
are thirteen in number; they run longitudinally parallel with the 
anterior margin of the spine, the result being that they die out or 
disappear along the latero-posterior margin without inosculation. At 
the apex, only the two most anterior ridges remain and form a fine 
point. The ridges are narrower than the intermediate furrows, and 
are divided along their summit into minute papilla-like tubercles, 
which are tipped with ganoine. The posterior angle does not appear to 
be very thick. Itis armed along the entire length of the exposed part 
with numerous small obtuse denticles separated from each other by 
about their own diameter ; they differ from the posterior denticles 
of C. hybodoides, Eg., in being quite dissociated from the ridges. 

The spines of Ctenacanthus to which this one bears the greatest 
resemblance are those of C. denticulatus of M‘Coy*. There is, how- 
ever, considerable dissimilarity between the two forms; C’. denticulatus 
is longer in proportion to its breadth, and much more elongated to- 
wards the apex. The ridges run parallel with the dorsal margin of 
the spine as well as the anterior, the intervening ones being pro- 
duced by bifurcation. The sides of each ridge are denticulated with 
sharp recurved teeth extending halfway across the intervening spaces, 
the denticle on one side being connected with that on the other by 
a slightly oblique fold across the ridge. The denticles along the 
latero-posterior angles are larger and more pointed. 

I haye delayed the description of this Ichthyodorulite for: some 
time in the hope that some other specimens might be found ; but 
none haying been added to my own or other collections, I think the 
characters of this specimen sufficiently clear and distinct to warrant 
its addition as a new species, and propose for it the name C. equi- 
striatus. 


PHRICACANTHUS } BISERIALIS, n. gen. et sp, (Pl. X. figs. 16,.17.) 


Spine of medium size, about 4:3 inches in length; its greatest 
diameter is ‘3 inch. It curves gently backwards. The exposed 
part is covered by minute longitudinal striations; the furrows 
slightly broader than the ridges and minutely pitted at their base. 
An internal cavity, circular in form, extends from the base nearly 
the whole length of the spine. The opening at the basal end appears 


* «British Paleozoic Rocks and Fossils,’ by Sedgwick and M‘Coy, p. 256, 
pl. ii. K. fig. 16. 
t From ¢pié, a ripple, and d«cayOa, a thorn, 
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to be terminal. The walls of this cavity, forming the base of the 
spine, were thin, and in the specimen they have been crushed by the 
superincumbent matrix. The upper half of the spine retains its 
normal form, is circular, curves more rapidly, and gradually di- 
minishes in diameter toa blunt point. From the point, extending 
about two inches along the dorsal aspect, there is a double row of 
eight or nine widely separated protuberances or denticles. In the 
lower part the denticles are ‘2 inch in breadth, but nearer the 
apex they gradually diminish to about half that size ; they are broad 
at the base, laterally compressed, and rapidiy converge to a very 
obtuse point. They are separated by spaces cecupying a rather 
larger area than the denticles. The latter occur alternately, the 
projection on one side of the spine being oppesite to the depression 
on the other. 

The spine was enumerated in the list of fish-remains from the 
Bone-beds (No. 11). At that time, I referred to it as possessing only 
one row of denticles on the posterior face. Since that was written 
I have ascertained that there is a double row. 

From the genus Orthacanthus, which appears to approach it 
nearest in general character, this Ichthyodorulite presents con- 
siderable differences in its general outline, and more especially in the 
peculiar form and large size of the posterior denticles. Orthacanthus, 
as defined by Prof. Agassiz, is a straight spine ; this one is slightly 
curved. Mr. J.S. Newberry, in the Report on the paleontology of 
Ohio, has described and figured a curved spine, Orthacanthus arcuatus, 
which he considers identical in structure with Prof. Agassiz’s O. 
cylindricus, and consequently has united withit in the same genus, 
recent discoveries merely proving that the name was not well 
chosen. 

Orthacanthus arcuatus is, however, very distinct from the spine 
I am describing. The greatest discrepancy is in the form of 
the denticles ranged on either side of the dorsal aspect of the 
spine. In Orthacanthus cylindricus, Agass., and in each species 
since described, the teeth are more or less hooked, pointed and close 
together ; but in this instance none of these characteristics will apply. 
The denticles are widely separated, rounded, and blunt; to such an 
extent is this the case, that the term denticle is scarcely applicable, 
as they have more the character of waving projections alternately pro- 
duced, first right then left, from the dorsal surface of the spine. In 
consideration of this peculiarity, I suggest that the spine receive the 
generic and specific name of Phricacanthus biservalis. 


EXPLANATION OF PLATE X. 


Figs. 1-8. Teeth of Plewrodus affinis, Ag. 

Figs. 9-11. Spines of Plewrodus affinis, Ag. 

Figs. 12-14. Spines of Hoplonchus elegans. 

Fig. 15. Spine of Ctenacanthus equistriatus. 

Fig. 16. Spine of Phricacanthus biserialis. 

Fig. 17. Anterior extremity of fig. 16 separated from the matrix, 
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DIscussion. 


Prof. Duncan asked for further information as to the geological 
relations of the bed containing these remains, and the conditions 
under which the fish lived. 

Prof. Morrts also wished to learn what were the exact relations 
of this band of fish-bearing shale and the underlying spore-coal of 
the “ Better bed ” in the Carboniferous series. 

Mr. Davis, in reply, said that the fish-remains above the Better- 
bed coal are always extremely fragmentary and almost comminuted. 
Specimens any thing like perfect are very rare. He suggested that 
the coal, after having been formed on land, probably became the 
bed of a lake or an open shore-line. He remarked that this thin 
bed extended uniformly over a very considerable area. In reply 
to Prof. Morris he stated that the Geological Survey had adopted 
a different line of division between the Middle and Lower Coal- 
measures from that formerly suggested by Prof. Phillips. He 
pointed out that marine and freshwater species of fish appeared to 
coexist in the Carboniferous beds, and compared this with the 
analogous case of the Lake of Nicaragua, as described by the late 
Mr. Belt. Freshwater forms of sharks are not unknown in the 
Ganges and other rivers. 


Quart. Journ. Geol. Soc. Vol. XXXV. Pl. X. 


AS Foord del. et lith. Mintern Bros imp 
GvVesOnunwi Owe PLS —- SPINS Ann EE. 


ON A THERIODONT REPTILE FROM THE CAPE OF GOOD HOPE, 189 


14, Description of FRAGMENTARY INDICATIONS of @ HUGE KIND of 
TueRropont Reprine (Titanosuchus* ferow, Ow.) from BEAUFORT 
West, Gover Tract, Carr or Goop Horr. By Professor OwEn, 
C.B., F.R.S., F.G.8., &. (Read January 8, 1879.) 


[Puiate XI.] 


In a series of fossil remains from the Gough and Karroo tracts in 
South Africa, transmitted by Thomas Bain, Esq., Inspector of Roads, 
Cape of Good Hope, to the British Museum (May 1878), boxes 
nos. 1 and 2 were invoiced as containing ‘‘ Loose bones and fragments 
of bones of a large Saurian, found lying on the surface at Kooda- 
skop, Gough.” 

No bone was entire ; all were broken portions more or less water- 
worn and much weathered. A more seemingly hopeless lot of fossils 
I never before took in hand. 

Indistinct traces of broken teeth, here and there, were the sole 
guide to a nearer recognition of the parts containing them, and sug- 
gested a way of treatment by which a clearer insight of their nature 
might be obtained. Omitting some tentative procedures, I venture 
to submit the following results. 

One fragment had most resemblance to the right premaxillary 
part of an upper crocodilioid jaw. ‘The indications of teeth on the 
worn and broken alveolar surface were too obscure for useful de- 
scription, and a lapidary’s section was accordingly taken across those 
traces at a deeper level. The implanted parts of the following teeth 
were thus brought into view. The foremost (Pl. XI. fig. 3) presented 
a full elliptical section 30 millims, by 18 millims., with pulp-cavity 
(ib. p)16 millims. by 10 millims. As the worn symphysial surface 
of the bone showed a trace of the root of this tooth, I had it ground 
down so as to expose its extent, as shown in fig. 4. A length of the 
basal part of an implanted root, 15 inch, or 40 millims., was thus 
brought into view, gradually diminishing to a solid apex of dentine, 
and seemingly showing the pulp-cavity restricted to the expanded 
part, but it was probably continued into the base of the exserted 
crown, which had been here broken away. 

The second tooth showed an inequilateral triangular shape, with 
rounded angles ; the long diameter, transverse to the alveolar border, 
was 20 millims.; the short diameter across the middle of the tooth 
was 15 millims.; the pulp-cavity was 12 millims. by 5 millims. 

The third tooth presented an oval section 18 millims. by 
12 millims., with a pulp-cavity 12 millims. by 6 millims., the 
long axis being transverse to the course of the alveoli. 

Beyond this were less distinct traces of two other and smaller 
incisors, though the latter inference is affected by the section cross- 
ing nearer the end of the root. 


* Titan and souchos, Egyptian name of Crocodile. 
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Tn the thickness of the premaxillary, on the inner side of the 
three middie incisors, were indications of alveoli of successional 
teeth. ‘Those near the third and fourth incisor were subcircular 
spaces filled with the black matrix; that next the second incisor 
contained the apex of a tooth-germ showing a thin investment 
of enamel. It was of a semicircular form, with the base feebly 
undulated and the angles slightly produced. From this I inferred 
that the crown of the tooth, near its apex, was biporcate, the ridges 
being in front and behind, and dividing the outer more convex from 
the inner much less convex sides of the crown. The two diameters 
of this apical section are 10 millims. and 6 millims. The formative 
cavity, which is filled outside the tooth with black matrix, is 13 
millims. by 11 millims. The soft tissues of the tooth-capsule and 
periost originally occupied this space. There was an indication of a 
similar nidus of a successional incisor near the section of the 
foremost tooth, 7 1. 

Another transverse section of a part of the alveolar border of this 
premaxillary which projected beyond the line of the foregoing section, 
crossed the third incisor at or near the base of the crown. It 
showed an indication of the anterior coronal ridge or production of 
the dentine, which, further on in the crown, would have supported 
the beginning of the enamel ridge ; but such support of the opposite 
or posterior ridge had subsided, and the dentine presented there a 
convex outline. The two diameters of the section are 30 millims. 
and 20 millims. No enamel is shown in any of the sections save 
that of the apex of the crown of the successional incisor. From 
this fossil I inferred that I might be on the trace of a Theriodont 
with the upper incisive formula of Gorgonops, viz. 15—5d*, 

A diligent quest and comparison of the other fragmentary repre- 
sentations of what Mr. Bain regarded and reported as “ loose bones 
and fragments of bones of,” I presume, the same ‘large Saurian ” 
led to the recognition of the portion of the left maxillary, the subject 
of fig. 1. It includes the trace of the socket of the canine, s, with 
part of the base or root of that tooth, c, and of its pulp-cayity, p, 
which contained some infiltrated matrix. 

The widest part of what was left of the socket is 35 millims. 
* across; but it does not include all the outer wall; and the transverse 
curve of the retained portion of the tooth indicates a more consider- 
able circumference than is here shown. 

The length of the preserved part of the socket is 43 inches; but 
the outlet, with those of the sockets of the succeeding molars, has 
been broken away. ‘The bases of three of these molars, in what 
remained of their sockets, were obvious, and a section along the rest 
of the alveolar border (fig. 2) brought into view eight others of 
similar shape and size. 

The foremost of the molars (fig.1, m1) appears to have pro- 
truded close to the canine. The fore-and-aft diameter of its preserved 
base is 15 millims.; that of the pulp-cayity is 8 millims. The 


* «Descriptive and Illustrated Catalogue of the Fossil Reptilia of South 
Africa,’ 4to, 1876, p. 27, pl. xxi. fig. 2, 71, 2, 3, 4, 5, 
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second molar, m 2, projecting at an interval of 2 millims. from the 
first, presents the same dimensions: the transverse diameter given 
by this better-preserved tooth-fang is 10 millims. The third molar, 
at an interval of 3 millims., has diameters of 11 millims. and 9 
millims. 

After this the molar intervals vary from 3 millims. to 6 millims, 
The elliptical section of the tooth-root is preserved with very little 
yariation from the diameters of the third molar. Remains of eleven 
of these small subequal molars are shown in the portion of upper jaw 
figured in fig. 1, Pl. XI. 

The crowns of these teeth, like those of the incisors, would be 
broader than the exposed roots, and probably occupied space equal 
to the intervals left between those roots ; but, with this assumption, 
the molars are smaller than the incisors, as is the case in Lycosawrus 
pardalis*. 

The number of the molars, supposing the whole to have been pre- 
served in the maxillary fragment described, would be very nearly 
that in the small Theriodont Galesaurus +; and, as the hind fracture 
of the fossil has crossed the eleventh molar, it may well have been 
succeeded by a twelfth, as in Galesaurus, if not by more, as seems 
to haye been the case in Gorgonops, from the proportional length of 
the maxillary of G. torvus, Ow. 

I took advantage of the hind fracture of the maxillary fossil under 
description to get a clearer view of the mode of implantation of 
what seemed to be the terminal half of the root of the eleventh molar, 
It ended, like the first incisor, in an obtuse point, where the pulp- 
cavity was obliterated. No trace of a successional germ or its nidus 
was exhibited in this section (Pl. XI. fig. 5). 

The next more easily recognizable fossil was the anterior end of 
the left ramus of a lower jaw (PI. XI. fig. 6). The rough sym- 
physial articular surface is 4 inches in vertical, 23 inches in 
transverse diameter; but part of the upper border has been worn 
away. The length of the fragment is 7 inches, the height 44, the 
thickness behind the symphysis 24 inches. The outer surface is 
convex and pretty even, with some small, scattered, vascular canals ; 
the inner surface is impressed by a splenial groove, 8 lines in 
breadth, but rapidly contracting where it enters and is lost in the 
symphysial surface. The alveolar border (a, a) about 2 inches in 
breadth, had been subject to abrasion, and showed but feeble indi- 
cations of teeth or sockets. 

Of this border I had the section made which is the subject of 
fig. 6, when the following parts were demonstrated. 

The foremost tooth, 21, was too partially and obscurely repre- 
sented for description. 

The next tooth (7 2) presented, in section, an oval figure, with 
the great end outwards, 21 millims. in long diameter, 15 millims. in 
greatest breadth, with a pulp-cavity (ib. p) of similar form measuring 
10 millims. by 7 millims. This tooth was situated about 14 inch 
from the fore end of the jaw, and 10 millims. from the first incisor, 

* Op. cit. p. 15, pl. xiv. fig. 2. + Op. cit. p. 23, pl. xviii. fig. 9. 
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The third tooth (ib. 73) was, in section, more nearly elliptical, 
with the long axis transverse to the jaw, 20 millims. by 12 millims. 
in the two diameters. An interval of 10 millims. separated 1t from 
the second tooth, 7 2. 

The fourth tooth (ib. 7 4), less regularly elliptical in section,’ was 
23 millims. by 17 millims. in the two diameters, which held the same 
relation to the alveolar border as the preceding teeth. The pulp- 
cavity, p, of the fourth tooth was 14 millims. by 10 millims. The 
interval between this and the third tooth was 18 millims. 

The fifth tooth (ib. c) showed a great increase of size, the two 
diameters being 2 inches by 14 inch, or 50 millims. by 35 millims. ; 
its section presented a less regular oblong shape, and the long 
diameter was inclined toward the longitudinal course of the alveolar 
border. ‘The long diameter of the pulp-cayity, p, is 34 millims. ; 
the transverse or short one is 20 millims. 

The thickness of the dentinal wall was pretty uniformly 10 millims. 
The indications of the osseous walls of the sockets of these teeth 
are marked 0, 0, in fig. 6. 

Comparing the evidence of the anterior teeth of the fossil mandible 
with the teeth in the corresponding part of that of existing reptiles, 
I found the nearest correspondence in Crocodilus vulgaris, Cuv. 

The mandibular symphysis varies in shape and relative length in 
existing Crocodilia, its shortness distinguishing the genera Cvo- 
codilus and Alligator from the genus Gavialis. But it offers cha- 
racters in regard to shape and proportions in different species of the 
broad-faced section of the order, where it is of least extent. It is 
shorter, for example, in proportion to its depth or vertical diameter, 
in Crocodilus vulgaris, Cuy., than in Crocodilus bombifrons and 
Crocodilus palustris ; and in its symphysial character I found that 
the present fragment of 7itanosuchus most resembled a specimen of 
Crocodilus vulgaris from a river opening upon the west coast of 
Africa. 

In Crocodilia the inner surface of the dentary element is impressed 
by a longitudinal groove which terminates forwards by indenting 
the symphysial surface. A similar groove indents the correspondiug 
surface of the dentary bone of Tvtanosuchus. It is, however, 
situated nearer the lower margin of the bone, less deeply indents 
the symphysial surface, and the lower border of the groove is less 
produced than in the recent Crocodiles compared. 

The seemingly lower position of the groove which, from its being 
covered, in Crocodiles, by the splenial element, I have called 
‘“‘splenial,” is due, in 7%tanosuchus, to the downward inclination of 
the inner alveolar wall of the incisive series of teeth. In the Croco- 
dilian mandibles compared this wall extends horizontally inwards 
for some way before bending down to the inner grooved surface, 
rendering such inner surface of minor relative extent than in Titano- 
suchus. The part marked h, fig. 6, sloping downwards to the groove, 
answers to a nearly horizontal flattened upper surface in Crocodilus 
vulgaris. 

In most existing broad-faced Crocodiles three teeth, reckoned as 
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incisors, precede the fourth, which by its size and shape is called the 
“anterior canine ;” but the first of the incisors is relatively larger 
than in Tvtanosuchus. In Crocodilus bombifrons it is almost as large 
as the fourth or canine tooth ; and, by its superiority in size to the 
second and third incisors, might merit the name of an anterior 
canine. In Crocodilus vulgaris the first tooth is not so large, rela- 
tively, as in Crocodilus bombijrons, but is larger relatively than in 
Titanosuchus. 'The second and third incisors are relatively smaller 
than in 7%tanosuchus and are placed wider apart. It must be noted, 
however, that the section exposing this part of the dentition of 
Titanosuchus (Pl. XI. fig. 6) crosses, not the crowns, but the im- 
planted parts of the teeth. Still such part of root would bear a 
proportion to the crown which suggested the above comparison with 
the broad-faced Crocodilia. 

Beyond the canine (ib. ¢) were indications of teeth of smaller 
relative size than those in Crocodilus vulgaris. Making a horizontal 
section at the requisite lower level, the crowns of three such molars 
were brought into view (fig. 6, m1, m2, m3). 

A portion of a left mandibular ramus, 5 inches in length, was 
found to fit so well to the fractured end of the fossil just described 
as to show it to be part of the same dentary element. In this sup- 
plementary portion were exposed, by a similar horizontal section to 
that which brought to view the preceding molars, a series of 
seven such teeth (fig. 7, m 4-10) showing little difference of size 
amongst themselves. Their alveoli opened upon a horizontal border, 
and their arrangement showed as little lateral as of vertical deviation 
from a straight line. All these teeth are situated close to the inner 
alveolar wall or inner side of the upper border of the jaw, leaving 
an extent of the outer part of that border of from 6 to 12 millims. 
in breadth. 

The first socket of this series (fig. 6, m1) is 10 millims. behind 
that of the canine; the second, in 2,1is but 13 millim. from the 
first ; and the third is 2 millims. from that of the second. The next 
interval is 3 millims. in extent; then follow intervals varying from 
4 millims. to 10 millims. The roots of the anterior teeth show, in 
transyerse section, an elliptical form, with the long axis parallel to 
that of the jaw; those of the posterior teeth are circular in section, 
or nearly so. 

The diameters of the fourth molar are 9 millims. and 6 millims. ; 
the eighth and ninth molars are circles of 7 millims. in diameter. 

Thus was obtained evidence of the concurrence of dental cha- 
racters in the lower jaw with those exemplified in the portions of 
upper jaw (figs. 1 & 2) of Titanosuchus. The osteological differ- 
ences above specified between the symphysial and the dentary 
element of the present genus and that of the Crocodilia compared 
might not have been regarded as of ordinal value; but the number 
and near equality of size of the inferior incisors of Titanosuchus 
would haye suggested its affinity to some genus less differentiated in 
Triassic times from the later and true Crocodilia, if the number, 
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size, equality, and even ranking of the molar series had not more 
decisively demonstrated the Theriodont character of the fossils. 

It might, indeed, be objected that the evidence of the size and 
shape of the teeth in Titanosuchus is partial or defective; and I 
admit that the indications of the molar series, like those of the 
canine and incisor teeth, are of the implanted fangs. The shapes 
of their respective crowns are matters of inference from analogy ; 
but the closest analogy in the reptilian series is with the Theriodont 
group. 

Lycosaurus pardalis* exemplifies a similar proportion of molars 
as compared with incisors. Galeosaurus planiceps; shows the uni- 
form character and straight alveolar supporting frame of the molar 
series. 

Tt is reasonable to infer that the crowns of this series, in Titano- 
suchus, would show a less disproportionate size than might be de- 
duced from the roots. But these, with the alveolar frames enclosing 
them, afford sufficient evidence of the absence of that repetition of 
the canine-like characters of shape and relative size in certain teeth 
of the series, which characters are associated with the undulatory 
course of the alveolar border of the jaw in true Crocodiles; while 
the earlier Teleosaurian type and its existing representative in the 
Gavials have no teeth recognizable by differential shapes or sizes as 
incisors and canines from the series of equable and similarly shaped 
teeth supported by their long and slender jaws. 

I have, however, finally to refer to another Thericdont character, 
which, with the humeral onet, exemplifies a nearer affinity to the 
carnivorous Mammalia than is recognizable in any known modifica- 
tion of the Crocodilian order. 

If, for example, a vertical section be made of the tooth of a Cro- 
codile answering to the canine in 7%tanosuchus, its root does not 
contract or solidify as it descends in the socket, but it ends in an 
open basis of the hollow cone, whose apex terminates the more solid 
crown of the tooth. Communicating with the inner side of the 
socket is a larger or smaller reserve socket lodging the matrix of the 
successional tooth. 

Every Crocodilian tooth shows more or less of this character, 
associated with the relatively shorter duration of the teeth in use 
and their speedy shedding and replacement by successional teeth. 
In the Theriodontia the teeth, at least in full-grown specimens, 
are longer retained and develop roots, which contract as they sink 
in the socket and become more or less closed at the implanted end, 
like the permanent teeth in diphyodont Mammalia. 

In a portion of the right maxillary of Titanosuchus containing the 
implanted root of the canine, this was exposed by chiselling away 
the socket to the end of the root, which gradually contracted from 
a breadth of 14 inch (40 millims.) to that of 25 millims., when 
the fang rounded off to terminate obtusely. The external wall of 
the pulp-cavity of the canine had been in part broken away in the 

* Op. cit. p. 15, pl. xiv. fig. 2. t Jb. p. 23, pl. xviii. 

{ Quart, Journ. Geol. Soc, yol, xxxii. p. 96, pl. xi. fig. 6, h, &. 
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fossil; and the cavity was further exposed to its termination, which 
became closed at a distance of half an inch from the obtuse and 
consolidated end of the root. No trace of a reserve alveolus or 
rudiment of a successional canine could be discerned. 

To test this character in the opposing inferior canine, a more de- 
cisive step was taken. 

A vertical section was made across the canine transversely to the 
axis of the jaw, and an extent of the root of that tooth of 2 inches 
9 lines (68 millims.) was exposed, as in fig. 8, Pl. XI. From a 
breadth of 35 millims. the root gradually contracted to one of 10 
millims. and terminated obtusely atv; the pulp-cavity , 18 millims. 
across at the upper part of the section, contracted to a breadth of 
5 millims., and closed obtusely 8 millims. from the end of the root, 
which presented a solid imperforate body of dentine. The thickness 
of the dentinal wall, s, of the pulp-cav a0 at the lower third part of 
the root is 5 millims. ; ; it increases to 9 millims. at the upper part. 
Thus the remains of the pulp occupy a closed cavity, save, probably, 
to some minute channels for the passage of blood-vessels, whieh 
however, were not demonstrated in this section. 

The part of the root toward the inner side of the dentary bone de- 
scribes a sigmoid curve in the section, being convex at the upper 
half and concave at the lower half, the fang slightly bulging toward 
that side ; the opposite side descends at almost a straight line to the 
obtuse end. 

The socket, which is indicated by the black matrix, shows a simi- 
lar form in the section, and also the extent which was occupied by 
vascular membrane or other substance between the tooth and jaw- 
bone. On the inner side of the section the interspace increases 
from a breadth of 2 millims. at the upper part to one of 5 millims. 
along about two thirds of the descending root; it then diminishes to 
less than 1 millim. round the obtuse end of the root. On the outer 
side of the root the pulp-cavity also gains width as the root descends, 
but in a less degree than on the opposite side; its greatest breadth, 
at one inch distance from the obtuse end, is 4 millims., and it gra- 
dually narrows towards both ends of tho exposed root, but most so 
at the closed end. 

Here, therefore, was demonstrated what was very plainly indicated 
in the more curved fang of the upper canine, that the pulp-cavity 
contracted and became closed before attaining the end of the im- 
planted root, and that in both cases the root terminated solidly and 
obtusely. That no trace existed of any provision for a successor was 
more plainly demonstrated in the section which is the subject of 
fie. 8. If no other evidence than a canine tooth of Titanosuchus 
had come under observation, it might weli have been inferred to be 
the second or permanent one of a huge carnivorous mammal. 

Comparing the subject of fig. 6, at the commencement of this quest, 
and when the uncut symphysial part of the lower jaw of Zitano- 
suchus suggested Crocodilian affinity, I found no other example of 
recent or extinct Crocodile comparable in bulk to the South-African 
fossil in hand, saye that huge Miocene Gayial from the Siwalik 
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sandstone, which Hugh Falconer made known to us under the name 
of Leptorhynchus crassidens *. 

Amongst the more fragmentary evidences of this species was a 
portion of the lower jaw corresponding with the subject of fig. 6, 
Pl. XI., and lodging a canine tooth of equal size. I therefore caused 
a similar section to be made of this tooth and its socket. The canine 
in place had its summit worn to a certain obtuseness; it had eyi- 
dently been some time in use; but no long or tapering root de- 
scended from the crown. ‘The implanted base was widely open, and 
within the similar wide and conical pulp-cavity had passed the crown 
of the next toothin succession. Of this crown the apical cap or shell 
was calcified, the base widely open, and the pulp, replaced by disco- 
loured matrix, had occupied the cavity of the growing tooth. On the 
inner side of the base of this cavity a reserve socket had begun to be 
formed around the matrix of a third tooth, or second in succession to 
the one inuse. The track of the germ, originally budded off from the 
base of the old matrix, was reduced to a linear canal extending from 
the base of the socket into which the successional tooth had pushed 
its way, to that which was due to the absorption through pressure of 
the growing matrix of the tooth destined in its turn to force its way 
into the hollow, beneath the young tooth. 

The contrast between the Theriodont and the Crocodilian reptile 
in this important dental character was strikingly manifested in the 
sections of the large homologous tooth. 

I proceeded next to test the same character in the incisor and molar 
teeth. Figure 4, as before stated, represents the section of the root 
of the anterior upper incisor of 7itanosuchus ferow. Here, as in the 
canine, the root at first gradually diminished, and then more quickly 
contracted to a rather blunt point, 7. The pulp-cayity, p, became 
closed at a greater relative distance from this point than in the canine. 

Similar longitudinal or vertical sections were made of molar teeth 
from both ends of their series with similar results, as is exemplified 
in fig. 5 of an eleventh molar of the upper jaw, and by fig. 9 of a 
third lower molar. In the latter tooth the pulp-cavity, p, extends 
nearer to the closed end of the root than in the other sections. 

The evidence of successional teeth in the case of the upper incisors 
has already been given; but they are developed in distinct sockets, 
and do not penetrate wide unclosed pulp-cavities of the teeth in 
place and use, as in the Crocodilia. 

s Whether the more mammalian character of succession operates in 
the canine and molar teeth, as in the incisor series, no evidence has 
been extracted from the present Titanosuchian fossils. 

The ordinal character of the Crocodilian tooth, as above exempli- 
fied in recent and extinct species, I long ago defined, as consisting 
in the slight enlargement, or maintenance of the same breadth, of 
the root to its base, which is deeply excavated by a conical pulp- 
cavity extending into the crown, and is commonly either perforated 
or notched at its concave or inner side*. 


* Paleontological Memoirs, 8vo, i. 1868, p. 279. 
+ ‘Odontography,’ yol, i. p. 29], pl. 75. figs. 1, 2, 4a, 5, 
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In Ichthyosaurus the pulp-cavity may be partially obliterated in 
the root while it is retained in the basal part of the crown of a 
tooth*; but the base is sapped by the successional tooth, which 
penetrates its predecessor and seems to push it out?. The root, in 
fully formed or old teeth, contracts slightly at the implanted end. 

In Iguanodon the tooth-root is less broad than the crown, and 
assumes a subcylindrical shape; but such root seldom contracts 
as it descends, and never dwindles to a point; it is invaded and 
pressed upon by the crown of the successional teeth, developed in 
germ-sockets at the intervals left by the narrow roots of the teeth in 
place, which roots undergo absorption as the tooth they support is 
in course of being displaced by its successor §. 

The Pliosaur and Iguanodon exemplified, in my experience, the 
extremes of deviation from the developmental phenomena of the 
teeth of existing Crocodiles and Lizards prior to the discovery of the 
Theriodont type of Reptilia. 

In the few rare, and at that time unique, examples of the order 
described in my ‘Catalogue of the Fossil Reptilia of South Africa,’ 
but one instance showed, by its fractured state, the implanted part 
of the canine || ; and this did not appear to afford adequate ground 
for adding the condition of tooth-root and limited succession of teeth 
to the other mammalian characters assigned to the order]. But I 
now know that a long deeply implanted root of the canine tapering 
to a blunt point, with the widest part of the pulp-cavity at the base, in 
or near to the crown, is a natural structure and an ordinal charac- 
teristic by which the Theriodontia differ from the Dinosauria and 
Enaliosauria, and in a. still greater degree from the Crocodilia; and 
this character must be added to the serrate and trenchant border of 
the crown of the canine, to the entocondylar perforation of the 
humerus, and to the general carnivorous type of the dentition—in 
which the incisors, defined by position, are more equable in size than 
in Crocodilia, while the canine, large and laniariform, is single on 
each side of both jaws, with the crown of the lower canine crossing 
in front of the upper one; this, moreover, is followed by a series of 
small, subequal, subtrenchant, pointed molars. 

In all such groups, as our knowledge thereof extended, we com- 
monly became acquainted with and perplexed by aberrant forms ; 
and such were diminutive species associated under the generic name 
of Procolophon, and which, in my ‘ Catalogue ’ of 1876, I left at the 
faz-end of the type species of Theriodontia, while at the same 
time pointing out in Procolophon minor, for example, the “linear 
osseous narial septum” (p. 26), and duly representing that differen- 
tial character from the Mononarials in pl. xx. fig. 11—noting also 

* Odontography, p. 376, pl. 73. fig. 8 @. 

+ Ib. p. 280, pl. 73. fig.77: and see ‘Monograph of the Fossil Reptilia of the 
Cretaceous Formations,’ Pal. vol. 1851, pl. iv. figs. 7, 8, 9. 

t Jb. p. 249, pl. 70. figs. 1, 2, 4. 

§ ‘Monograph on Wealden Reptiles.’ Palxontographical volume issued in 
1874, p. 3, pl. i. fig. 8, a, b, 0. 

|| Lycosaurus pardalis, op. cit. p. 16, pl. xiv. fig. 1, ¢. 

§| Op. cit. pp. 15 & 75. 

Q.J.G.8. No, 138. P 
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that “‘ there is no tooth in either upper or lower jaw resembling a 
canine by superiority of size” (ib. p. 26). But as every tooth was 
implanted by a contracting and basally closed root, without a trace 
of having been assailed by a successional tooth, of which, as a cavity 
of reserve, there was no trace, I concluded to leave the Procolophons 
with the Theriodonts ; nor do I know yet where better to place them 
in the rapidly expanding Reptilian class. 

The addition to that class which is now brought before the Society 
may be characterized as follows :— 


Order THERIODONTIA. 


Genus TrranosvucHus. 


5—5 | 1-1 esi 
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Species Titanosuchus ferow. 

The skull is shown by the portions of maxillz with the alveoli of 
the molar series to have been shorter and deeper than in Gorgonops ; 
the mandible at its symphysial end was thicker in proportion to its 
depth than in Tigrisuchus, Cynosuchus, and Galesaurus. The degree 
of correspondence with those eminently carnivorous genera in every 
comparable character supports the inference that the crowns of the 
incisors, canines, and molars presented the same destructive lania- 
riform character in the present gigantic representative of the order. 

The breadth of the crown of the largest incisor in Titanosuchus 
ferox is six times that of the largest incisor of Lycosaurus curvimola*. 
If the crown of that tooth was laniariform in Z%tanosuchus as in 
Lycosaurus, its length may have exceeded 3 inches. The breadth of 
the base, or of the root near the base, of the upper canine in T%tano- 
suchus is three times that of the corresponding tooth in Lycosaurus, 
and the length of the crown would be not less than 4 inches. 

This tooth in 7itanosuchus was less compressed than in Cynodracoy, 
was of a stronger build, fitted for overcoming greater resistance. 
We have, in fact, in Ttanosuchus a carnivore of a more carnassial 
type than the Machairodus or other Felines; for there is not even 
an exceptional tubercular or grinding-tooth of any size; and I feel 
entitled to hazard this negative proposition on the grounds on which 
the fossil is referred to its order. It most probably found its prey 
in the huge contemporary Pareiosaurs, Oudenodonts, and Tapino- 
cephalans of its South-African locality. 


Dental character :-—i. 


* Catalogue, ut supra, p. 71, pl. xviii. 
Tt Quart. Journ, Geol. Soc. vol. xxxii. pl. xi. figs. 2, 3. 
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TITANOSU 
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EXPLANATION OF PLATE XI. 
Titanosuchus ferox. 
Fig. 1. Inner side view of a portion of the left maxillary. 
. Horizontal or transverse section of the alveolar border and implanted 
roots of the molar teeth of the same maxillary. 
. Transverse section of the root of the first upper incisor. 
. Longitudinal section of the root of the same tooth. 
. Longitudinal section of the root of the eleventh molar of the left 
maxillary. 
Symphysial end of left mandibular ramus, with the alveolar border in 
horizontal section. 
. Horizontal section of the alveolar border and roots of the molars of 
the same mandibular ramus. 
. Vertical or longitudinal section of the implanted root of the canine of 
the same ramus, 
. Longitudinal section of the root of the third molar of the same 
ramus. 
(All the figures are of the natural size.) 
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Discusston. 


The Presmpent congratulated the Society on receiving such a 
number of valuable papers from Prof. Owen. 

Prof. Szerey spoke of the great clearness of description by which, 
even in the absence of the specimens, Prof. Owen had been able to 
bring the matter before the Society. He remarked, however, on the 
difficulty of arriving at reliable conclusions from specimens in which 
not a single crown of a tooth was preserved. He pointed out that 
the fang of the teeth of Ichthyosawrus, Plesiosawrus, and other forms 
of extinct Reptilia was often found to be closed, and with no trace 
of a successional tooth. He thought that this absence of a succes- 
sional tooth was not sufficient to warrant the establishment of a new 
order of reptiles to receive this species, and that the characters of 
the specimen were so far Crocodilian that, if it had been found in 
England, it would have been included in the Crocodilia. 

Mr. Hvxxz supported Prof. Seeley in his objections, and in con- 
firmation of these stated that in Zguanodon and Hypsilophodon the 
tooth-fang was often found closed, and without any trace of a suc- 
cessional tooth. The same was true occasionally of Goniopholis. 

Prof. Owzn always felt pleasure in submitting the results of his 
studies to the Geological Society, because that was to submit them 
to the competent criticism of his fellow workers in the same field. 
He expressed doubt (until actual specimens were shown him) that 
any Goniopholis teeth had been found without traces of successional 
teeth below them. He defended his foundation of the group of 
Theriodonts from the mode of the implantation of the teeth in their 
jaws. He stated that the materials on which this paper was 
founded are a portion of the valuable series of specimens (900 in 
number) obtained by Mr. T. Bain, the son of the well-known 
explorer, who had received a grant of £200 from the Treasury to 
aid him in searching for and transporting these South-African fossils. 

P2 
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15. On the Upprr Parr of the Camprian (Sedgwick) and Base of 
the Strurran in Nortn Wares. By Mr. THomas Ruppy. (Read 
June 19, 1878.) 


[Communicated by Prof. T. McK. Hucuzs.] 


In the following paper it is proposed to describe in detail some 
sections in the neighbourhood of Corwen and Bala, pointing out the 
fossils which in that district characterize the different zones of the 
upper part of the Cambrian and the lower part of the Silurian. 

The sections are not drawn to scale, being merely diagrammatic 
to show the sequence in each locality. 

Szcrion I. (fig. 1).—On the southern shore of Bala Lake, the rocks 
jutting out of the side of the hill consist of rubbly shale with a general 
dip to the south or south-east. Near the brow of the hill we find 
what is called an ash-bed of no great thickness, but well known in 
the neighbourhood, as it is quarried for building-purposes. In the 
shales immediately above this ash-bed, near Bala, we have the true 
zone of Orthis alternata (Section I., bed 3). When searching for 
this zone on the north of Bala at Fronderw, I was informed by the 
farmer that he had removed an outcrop of rock which interfered 
with his ploughing. The stones he used for building a wall, and 
on examination I found the face of the wall covered with Orthis 
alternata. Associated with it were Orthis elegantula, a few 
specimens of Orthis flabellulum and O. vespertilio, Beyrichia com- 
plicata and Illenus Davisii; this last species and a few others we 
find in every zone. 

The Orthis-alternata zone rises again in the Berwyns. Near 
Milltir Gerrig, on the Llangynog road, the upper felspathic ash-bed 
crosses the road. Above this we find rubbly shales, then a brecciated 
ash-bed twenty feet in thickness, and above it shales in which 
Orthis alternata is again abundant. Associated with it I got Orthis 
elegantula, Leptena sericea, Beyrichia complicata, Nebulipora lens, 
Fuvosites fibrosus, Modiolopsis modiolaris, and Cythere umbonata ? 

Above the limestone (No. 6) there is a great thickness of shale 
(No. 7) varying much in character, in which we find but few traces 
of fossils until we get near to the place marked Bwlch Hannerob, 
where, about 3000 feet above the Bala limestone (see Mem. Geol. 
Surv. vol. ii. p. 86), we find a bed of grit or sandstone, from 15 to 20 feet 
in thickness, with occasionally small calcareous concretions. In the 
grits and in the hard blue shales (Nos. 8, 9, 10, 11) there are plenty 
of fossils, but these are confined to a few species. In a little quarry 
recently opened I found those in the list appended to fig. 1, which proves 
this series to be the equivalent of the Hirnant Limestone. Above the 
hard blue shales and grit we find fine soft blue slates, which im- 
mediately underlie the Tarannon shale (No. 13); but I found 
no fossils here until I had got to the base of the Wenlock series 
(No. 14), where there are plenty of Graptolites. In a quarry very 
recently opened for building-purposes, on the Palé estate, near the 
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Fig. 1.—Generalized Section from Bala Lake to Pale Hill. 


Bala Lake. Afon Cymmerig. 


E\ 


or AA (ual 


Hirnant. Bwlch Hannerob. 


i 
! 1 
' 1 
1 1 

1 
U ' 
1 
| 


1 2 3 4 5 


1. Rubbly shale. 

2. Bala ash, about 2 feet. 

3. Shales, full of Orthis alternata: containing 
also O. elegantula, O. vespertilio, O. fla- 
bellulum (xare), Leptena sericea, Bey- 
richia complicata, Illenus Davisii, Mo- 
diolopsis sp. Same bed seen again in 
Berwyns near Milltir Gerrig, on Llan- 
gynog road, where we find the upper 
felspathic ash crossing the road above 
thin rubbly shales, and above them a 
brecciated ash, about 20 feet thick, on 
which lie shales in which Orthis alter- 
nata is abundant. In these shales OQ. 
elegantula, Leptena sericea, Beyrichia 
complicata, Nebulipora lens, Favosites 
Jibrosus, Modiolopsis modiolaris, and Cy- 
there wmbonata(?) also occur. 
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4. Upper ash-bed. 

5. Fossiliferous shales. 

6. Bala Limestone (for fossils, see description 
of Sect. IT. 6, Gelligrin). 


_7. Massive, comparatively barren shales. 


* 3000 feet above the Bala Limestone (see 
Mem. Geol. Sury. vol. iii. p. 86). 
8. Hard compact grit, 8 feet. 


9. Hard blue shales, 5 feet. | Hirnant beds, 


10. Soft decomposing grits, | consisting of 
9 feet. fossiliferous 
11. Hard blue shales passing} grits and 


above. J 

In Hirnant beds at Bwlch Hannerob, two 
miles north of Aberhirnant, the following 
fossils were found :—Orthis hirnantensis, 
O. sagittifera, O. elegantula, O. testudi- 


naria, O. biforata, Lingula ovata, Ortho- 
nota, Favosites fibrosus, Homalonotus bisul- 
catus, Glyptocrinus basalis. 

Soft blue slaty shales, no fossils, 250- 
300 feet. 

Tarannon shale, 300 feet. 

Hard blue shale, 300 feet; much iron- 
pyrites near top; Graptolites abundant 
in lower part: G. priodon abundant, 
Graptolithus sp. common, Retiolites Geinit- 
ztanus frequent, Orthoceras primevum, 
Orthoceras sp.,Holopella gregaria(?),Rhyn- 
chonella(?). 

15. Grits, with fragments, Enecrinite-stems, and 

other fossils. 

16. Shales. 

14, 15, & 16 are included in what are usually 

known as Denbigh Grits. 


12. 


13. 
14. 
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river Dee, I found Graptolithus priodon in abundance, a small 
variety or species with a broad shaft and straight cells, Retiolites 
Geinitzianus, Orthoceras primevum, Orthoceras sp., a few univalyes 
and bivalves of small size, Encrinites, &c. 

This. bed, which is of considerable thickness, rises again about two 
miles up the Berwyn road, where it is found resting on the Tarannon 
shales and containing the same fossils. It varies much in character, 
for on the Berwyn road it consists of fine slates, whereas these are 
represented by hard blue shales near the river Dee. 

Although I haye examined the débris at various openings in the 
interbedded grits and shales above the Graptolite zone, I have only 
found Encrinite stems and a few fragments of small bivalves. 

Srcrion IT. (fig. 2).— Returning to the south side of the lake we 
first find a thin bed of calcareous ash (No. 9), and associated with it 
layers over six inches in thickness full of Leptena sericea. Scattered 
throughout are fine specimens of Strophomena eapansa, of which 
this seems to be the true zone. Up to the next ash-bed (No. 7) the 
same fossils are sparsely distributed. Among them we find Lingula 
ovata, but not commonly, and a small species of Ctenodonta agreeing 
with that figured as Ct. obliqua in Murchison’s ‘ Siluria’ (fifth edition, 
p. 196). 

The ash-bed No. 7 is fossiliferous, but of no particular interest. 
No. 6 is a very well-marked zone. It consists of sandy limestone 
twelve feet in thickness, effervescing with acid. This is the true 
zone of Orthis vespertilio and OQ. spiriferoides, both being equally 
abundant here and seldom found in higher beds. Here we also find 
Orthis biforata, Cyclonema, and well-preserved specimens of Nebult- 
pora lens. 

This bed is very persistent in character, for we find it again at 
Garnedd occupying the same position, and it rises again in the 
Berwyns, where it is well described by D. C. Davies in a paper on 
the Berwyn Phosphate Mine (Quart. Journ. Geol. Soc. 1875, vol. 
Xxxl. p. 357). 

In the sandy shales, No. 5, we find plenty of broken specimens of 
Trilobites, such as Calymene, Homalonotus, Cybele, Phacops, and 
Asaphus Powisit, the latter bemg common. The beds 2 and 4 are 
identical in character, being composed of coarse sand; here we find 
beautiful large specimens of Orthis calligramma; Strophomena 
depressa and a few of its variety undata; Lingula ovata frequent ; 
less commonly Modiolopsis pyrus and a small Discina-lke shell. 
Near the bed of hard crystalline limestone, where the sand is much 
charged with lime, we find numerous large specimens of Orthis 
Actonie, a few of Oonularia Sowerbyi, and layers of Stenopora 
(Favosites) fibrosa over a foot in thickness. The bed of limestone 
(No. 3) is from 18 to 20 feet in thickness, and is of a hard intract- 
able nature. In the fine shales (No. 1) immediately above the bed 
of coarse sand, the fossils suddenly cease or become very small in 
size: the only thing of interest I found was a short piece of an 
Orthoceratite with a large bead-like siphuncle, agreeing with the 
description of the Ormoceras in the Cambridge Catalogue, p. 71. We 
found but a small number of Cephalopoda and Univalyes ; but if we 
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Fig. 2.—Section near Gelligrin, South of Bala Lake. 


Fine shales passing up into barren shales. 
Ormoceras?, Leptena sericea, Orthis ele- 
gantula, 

Coarse sand: Orthis calligramma (large), 
O. Actonie, Strophomena depressa, St. de- 
pressa, var. undata, Lingula ovata, Pa- 
learca( Modiolopsis)modiolaris, Modiolopsis 
pyrus, Discina sp., Conularia Sowerbyi, 
Favosites (Stenopora) fibrosus. 

Crystalline Limestone with fossils, 18 feet 
to 20 feet. 

Same character and fossils as no. 2. 

Sandy shales, with Asaphus Powisii (com- 
mon), Homalonotus Cybele, Calymene, Pha- 
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cops apiculatus, Encrinurus,Lichas laxatus, 
Trinucleus concentricus, Orthis Actonie, 
O. calligramma, O. elegantula, Bellerophon 
bilobatus, Rhaphistoma, Leptena sericea, 
Crania divaricata, Beyrichia complicata. 

6. Sandy limestone (=bed at Garnedd, =bed 
described by D.C. Davies, Quart. Journ. 
Geol. Soc., Aug. 1875) : Orthis spirifer cides 
(common), O. vespertilio (common), O. ele- 
gantula, Leptena sericea, L. tranversalis, 
Strophomena depressa, St. expansa, Orthis 
biforata, O. Actonie, Cyclonema crebristria, 
Nebulipora lens, Trinucleus concentricus, 
Tentaculites anglicus. 


7. Fossiliferous ash-bed. 

8. Fine shales: Orthis elegantula, O. calli- 
gramma, O. flabellulum (scarce), Stropho- 
mena expansa, St. depressa, Lingula ovata, 
Leptena sericea, Ctenodonta obliqua?, 
Palearea obscura, Beyrichia complicata. 

9. Caleareous ash-bed: Leptena sericea 
(abundant), Strophomena expansa, Orthis 
elegantula, O. calligramma (small), 0. 
vespertilio, Enerinite-stems, Zrinucleus 
concentricus. 

10. Fossiliferous shales. 
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cross over to the Bala limestone at Rhiwlas, we shall find them 
abundant and of several species. 

Secrron ITI.(fig. 3).—Crossing over the river to a spot a little north 
of the Bala road, in Bodweni Wood, we find a bed which I would 
refer to the Hirnant group. It consists of 15 feet of grit, in which 
I found Orthis biforata abundantly. As far as my experience goes, 
this fossil is much more plentiful in the Hirnant than the under- 
lying beds. Associated with it were a few poor specimens of Orthis 
hirnantensis, O. sagittifera, Arca edmondiiformis, and a species 
which is either Modiolopsis obscura or M. orbicularis. In the wood 
opposite, about a quarter of a mile south of the river, we get on 
to the grits again and find plenty of fossils, consisting of Orthis 
hirnantensis, O. sagittifera, O. biforata, and O. elegantula, with an 
occasional Homalonotus. 

The grits are much disturbed by faults and end abruptly every 
few yards; but they can be traced to Bwlch Hannerob, which I 
have already described (Section I. Nos. 8-10). These grits are the 
same as those coloured Lower Llandovery on the Geol. Survey map; 
but this patch is not alluded to in the Mem. Geol. Surv. vol. ii1. 
Following the line of the grits we lose them under the peat; but 
they again appear on the brow of the hill at the back of Aber- 
hirnant, a little above the road leading up to Maeshir. This is the 
patch alluded to in the Mem. Geol. Surv. vol. iii. p. 85. We find 
here the undoubted Hirnant Limestone in the form of a few con- 
cretionary lumps associated with the usual grits, and both yielding 
fossils plentifully. The commoner fossils found by me here are 
Ortlis hirnantensis, O. sagittifera, O. biforata, O. elegantula, Arca 
edmondiformis, and Modiolopsis pyrus. 

I have no doubt that the Orthis turgida said to occur in the 
Hirnant limestone was only a turgid specimen of O. sagittifera, of 
which I find plenty of distorted and turgid forms. I found here a 
small univalve resembling Holopea exserta of the Rhiwlas limestone. 

In addition to the usual list of Hirnant fossils given n Mem. 
Geol. Sury. vol. iii. p. 86, I have obtained one species of Lingula, 
two of Modiolopsis, or else allied to them, two species of corals and 
one Trilobite ; also a univalve like Holopea. 

A little lower, at the back of Aberhirnant, there is another patch of 
grits and limestones with the usual Hirnant fossils. Here it ends; 
but I have found it again at Craig-Moel-Ddinas, about a mile further 
west, in the Hirnant valley, where I obtained Orthis sagittifera, 
O. hirnantensis, and O. elegantula in a gritty pisolitic mass of rock. 
Half a mile further, at Moel Ddinas, where excavations were recently 
made in search of slates, in the same line of strike I got out of hard 
blue shales fine specimens of Orthis sagittifera of large size, and a 
few specimens of O. hirnantensis. 
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Fig. 3.—Section in Bodweni Wood, North of the Dee. 


1. Soft blue slaty shales which usually underlie the Tarannon shale. 

2. Hard compact grit, 15 feet. 2c. Band of soft decomposing grit, 9 inches 
thick. he fossils found a short way into the hard grit (compare Sect. I., 
bed no. 10). Orthis_biforata (plentiful), O. hirnantensis, O. sagittifera 
(scarce), Palearca (Modiolopsis) sp., either obscura or orbicularis, Arca 
edmondiiformis, Favosites (Stenopora) fibrosus, an Encrinite. 

3. Shales (=bed no. 7 of Sect. I.). 


Srction IV. (fig. 4).—The Hirnant beds again appear in a small 
quarry on the side of the hill west of Cwm-yr-Aethnen, where there 
is a fossiliferous pisolitic dark-coloured limestone, No. 3. Under the 
limestone there is 20 feet of highly fossiliferous shales, in which I 
got two small specimens of Nebulipora lens in addition to the usual 
Hirnant species. Above the limestone is a band of rubbly shales 
with concretionary limestones, No. 4, and above that a band of soft 
decomposing grit, No. 5, with shales above it, all of them being 
fossiliferous. 

A little further west, on the brow of the hill, another patch appears 
containing the usual fossils, and here it is altogether lost (see Mem. 
Geol. Surv. vol. iii.). 


Fig. 4.—Section near Cwm-yr-Aethnen. 


. Shales (=no. 7 of Sect. I.). 

. Highly fossiliferous shales, full of Hirnant species, 20 feet. Orthis hirnan- 
tensis, O. sagittifera, O. biforata, O. elegantula, Nebulipora lens, Favosites 
(Stenopora) fibrosus, Encrinites. 

. Band of pisolitic limestone, 2 feet (fossils). 

Shale aud concretionary limestone, 3 feet (fossils). 

. Band of soft decomposing grit, 2 feet (fossils). 

. Fossiliferous shales passing up into slaty shales. 

. Soft blue slaty shale underlying the Tarannon shale. 


Sucrron V. (fig. 5).—Believing that the Hirnant and Lower Llando- 
yery Grits would turn out to be identical, I went across to Cefn-bwlan, 
at the head of the Llanwddyn valley, where the Lower Llandovery 
Grits are said first to appear (see Mem. Geol. Sury. vol. ii. p. 206). 
Here I found the usual Tarannon shales (No. 3) cropping out of the 
bed of the brook; under that a bed of fine blue shales (No. 2); and 
under these, cropping out of the peat, we have hard compact grits 
with interbedded shales (No. 1). It is but a small patch rising out 
of the peat. These Lower Llandovery Grits occupy the same strati- 
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graphical position and have the same lithological character as the 
Hirnant beds; but I am as yet unable from fossil evidence to con- 
nect these two beds of grit. I think, however, that I have proved that 
the Hirnant grits and limestones are not confined to the Hirnant 
valley, but can be traced to the north of the river Dee. 


Fig. 5.—Section at Cefn-bwlan. 


Afon 
Cefn-bwlan. Blaenycoed. 


1. Lower Llandovery Grits and shales (?>=Hirnant Grits). 

2. Soft blue slaty shales, 50 feet, like those above the Hirnant Grits; but the 
Hirnant Grits, near the river Dee, are 300 feet thick, and in Hirnant valley 
not less than 250 feet. 

3. Tarannon shale, about 150 feet. 


This Section is taken at the south side of the fault of Cefn-bwlan, near 
the head of the Llanwddyn valley in Montgomeryshire. 


Section VI. (fig. 6).—Starting from the Railway Station at Cynwyd, 
a little village west of Corwen, we ascend the mountain road by the 
side of Afon Trystion, passing the picturesque gorge and falls of 
Cynwyd, until we arrive at a small square plantation on the road- 
side about two miles from the village. Here we are sure to find 
plenty of Trilobites, chiefly Calymene senaria, beautifully preserved 
in a dark and light grey shale with a few small calcareous concre- 
tions (No. 11). Associated with the Trilobites are numbers of 
bivalves, chiefly of small size, a few specimens of Conularia, an 
occasional Rhaphistoma and Ctenodonta, with plenty of the narrow 
branching forms of Favosites (Stenopora) fibrosus. 

It was here I found a single shell of a small but beautifully 
sculptured Strophomena, probably either St. antiquata or corrugatella. 
This is undoubtedly the equivalent of the Bala Limestone. 

Proceeding to the upper road which leads towards Moel Ferna, we 
pass over upwards of 200 feet of shale (No. 10) containing few 
traces of fossils, until we get to Bwlch-y-Gaseg. At the foot of 
the hill we find a thin bed of shale (No. 9) containing Remopleurides 
Colbii, Calymene senaria, Trinucleus seticorms, and T. concentricus 
in great perfection; also Orthoceras vagans, which is chiefly con- 
fined to the limestone at Rhiwlas and the circular outlier above 
Llangower, south of Bala Lake. In this bed I found several 
specimens of Conularia of various species. The next zone (No. 8) is 
easily known by the abundance of corals which it contains, many of 
the species appearing for the first time in the Bala beds. Associated 
with the corals are many other rare and beautiful fossils (see list 
appended to figure). Zone No. 7 is of a more sandy and massive 
character ; here the corals are scarcer and smaller, but an abundance 
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E. 
Moel 
Ferna. 


Denbigh evits. 

Graptolite shales (fossils same as in Sect. L., 
bed no. 14). 

Tarannon shale. 

Soft blue slaty shale (always found under 
the Tarannon shale). 

Hard compact grits occupying the strati- 
graphical position of the Hirnant grits 
and limestone, 15 to 20 feet. 

Shales, containing Leptena sericea, L. trans- 
versalis, Petraia, a few Trilobites, &e. 
Marine sandy bed. Orthisina, Orthis 
crispa, O. flabellulum (large, some with 
branching ribs), O. elegantula, O. calli- 
gramma, O. spiriferoides (scarce), O. bi- 
forata, Atrypa marginalis, Strophomena 


Fig. 6.—Section South-west of Corwen. 


grandis, St. depressa, Lamellibranchs (se- 
veral species), Ambonychia?, Petraia, Bellero- 
phon (like B. perturbatus), Ptilodictya expla- 
nata, and the corals of the next bed. 

8. Coral zone. Favosites fibrosus (branching), 
Nebulipora lens, Retepora Hisingeri (com- 
mon), Fenestella Milleri, Glauconome di- 
sticha, Cheirurus, Calymene, Illenus, Pha- 
cops, Trinucleus, Leptena, Murchisonia, Rha- 
phistoma, Echinospherites balticus, Orthis 
as in bed no. 7. 

9, Shale rich in Trilobites. Calymene senaria, 
Trinucleus concentricus, T. seticornis, Pha- 
cops conophthalmus, Oheirurus bimucro- 
natus, Cheirurus sp. (but C. bimucronatus 
is most common), Lemoplewrides Colbii, 


Bwlch-y-Gaseg. 


Road to 
Llanarmon. 


Conularia 
Conularia (sp. ?=C. levigata), Favosites 
(Stenopora), Encrinites, a few common bi- 
valves. 

10. Marine sandy shales; few fossils. 
200 feet. 

11. Caleareous shales; Trilobites abundant. 


Orthoceras vagans, Sowerbyt, 


About 


Hquivalent of Bala Limestone. Calymene 
senaria, Orthis elegantula, Leptena sericea, 
O. biforata, O. calligramma (small), Conu- 
laria Sowerbyi, Strophomena depressa, Stro- 
phomena sp., Ctenodonta, Rhaphistoma sp., 
Enerinites, Favosites (Stenopora) fibrosus. 
12. Shale. I/enus Davisii, Orthis elegantula, 
Leptena sericea, Favosites fibrosus. 
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of Ptilodictya explanata takes their place. In this bed Orthisina 
first occurs. Here we find also Orthis crispa, O. flabellulum, and 
Strophomena grandis plentifully ; Trilobites, Modiolopsis, a species 
resembling an Ambonychia, Bellerophon resembling perturbatus, and 
a few well-preserved specimens of Orthis spiriferoides (not usually 
‘found so high in the Bala beds). In this zone also are several 
species of Petraia, and a few other undetermined fossils. 

The zone No. 6 can hardly be separated from that below it. In 
it we find Orthisina and Petraca; but in it also we suddenly come 
upon great abundance of Leptene, especially L. transversalis, which 
is common in No. 8. No. 5 consists of hard compact grits from 
15 to 20 feet in thickness, of the same lithological character as the 
Hirnant grit, and occupying the same stratigraphical position; but 
as I have only found one or two small and badly preserved shells in 
it (except near the base, where the line between it and the under- 
lying beds was not clear), I can give no fossil evidence; but the 
sections seem to prove that they are the equivalent of the Hirnant 
grits. 
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16. Descriprion and CorRELation of the Bournrmouta Brps.— 
Part I. Upprr Marine Sertus. By J. Srarxim Garpner, 
Ksq., F.G.S. (Read February 20, 1878.) 


Descriptions of the coast-section between Highcliff and Bourne- 
mouth, with which the present paper deals, have already appeared 
in the publications of the Society. That by Sir Charles Lyell*, in 
1826, was written when the strata included in this section were 
still supposed to belong to the Plastic Clay underlying the London 
Clay. In it the different beds forming Christchurch Head are care- 
fully distinguished, and their superposition illustrated in a somewhat 
idealized section. The description of the eight miles of cliff from a 
mile beyond White Pits to Poole Harbour is, however, dismissed in 
a very few words :—The “ section presented by the cliffs is continued 
so precisely in the line of bearing of the strata, that no new beds 
rise up, and it 1s unnecessary to describe them in detail. .... The 
prevailing character of the strata throughout this extent of coast is 
fine white sand; but yellowish and pinkish beds of sand occur, and 
thinly laminated clays in great abundance, resembling in appearance 
many of the light-coloured argillaceous marls of Montmartre near 
Paris; but in none could I discover any organic remains, except 
vegetable impressions, aud these very indistinct.” The proofs of 
origin, whether marine or freshwater, are considered equivocal. ‘The 
total thickness of the series, nowhere exposed to view, is put down at 
“not less than 150 feet.” It is also suggested that the argillaceous 
strata with shells of Alum Bay ‘are probably concealed here at 
some of the interruptions of the section.” 

The next description of these cliffs is by Professor PrestwichT in 
1848, written principally with the view of determining ‘“ the exact 
position which they bear with reference to the Barton Clay” (I. ¢. 
p. 43). He begins, however, with the assumption that Barton Clay 
is found to the west of Christchurch Harbour, and thence is led to 
place the strata of Christchurch Head higher in the section than I 
am inclined to do.. He compares a section of the Head with that of 
the Barton Cliff near its western termination, and concludes that the 
beds with septaria common to both are upon the same horizon. A 
mile and a half to the west of the Head a small lens-shaped section is 
considered to be “ aslight throwing in of an overlying stratum,” and 
evidently presenting ‘‘in a small depression the base of the Barton 
clays” (p. 47). The Eocene pebble-beds taken for diluvium by Lyell 
are carefully separated from the overlying angular gravel by Prest- 
wich ; but it seems that he thought them to be more continuous than 
they now appear to me. 

In 1861, the Rey. Osmond Fisher wrote ¢ defining the horizons into 


* Trans. Geol. Soc. ser. 2, vol. ii. p. 279. 
t Quart. Journ. Geol. Soc. vol. y. p. 43. { Zbid. vol. xviii. p. 65. 
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which the Bracklesham beds can be divided. His description of 
Highcliff stopped short E. of Christchurch Harbour; but it is of value 
in connexion with the present subject, since he shows that a pebble- 
bed at the top of the white sand at Highcliff is the equivalent of one 
of the higher beds of the Bracklesham series. Assuming the correct- 
ness of this determination, we have a defined horizon to start from ; 
and as it can be shown that the sequence across the valley is unin- 
terrupted and the dip regular, it seems to me that the position of the 
rest of the beds can be fixed with great accuracy. 

The views I venture to put forward diverge from those of Prof. 
Prestwich. Although beds on the headland and on the coast almost 
immediately to the east of it both contain septaria, I believe them 
to be on different horizons, the former belonging to a separate 
series unrepresented elsewhere on the coast except at Alum Bay. 
Again, the slight throw-in of Barton Clay west of the promontory is, 
for me, only the most easterly of numerous and identically similar 
patches of the Bournemouth beds. : 

My views also differ slightly from those of Mr. Fisher. I think 
that the lower 123 feet of strata included by him in the Brackles- 
ham series at Whitecliff may probably represent in time the Lower 
Bagshot beds. The Bracklesham beds are supposed by him to thin 
to only 43 feet at Alum Bay, and 35 feet at Highcliff. Even if, as 
he says, the 35 feet of sandy clay and the pebble-bed at Highcliff 
represent the whole uppermost strata of the series 130 feet thick at 
Whitecliff Bay, and we deduct the 123 feet placed in the Lower 
Bagshot, there are still some 400 feet unaccounted for. These 400 feet 
are, I think, not only well represented at Christchurch Head, where 
the strata are mapped as Bracklesham by the Survey, but also by 
the marine beds thence to and even beyond Boscombe, and at Alum 
Bay as well. I also find myself at variance with the Geological 
Survey, since I believe that the so-called Upper Bagshot beds of the 
London basin do not belong to that series, but are the equivalents 
of beds which I shall refer to as the Boscombe Sands. These 
Boscombe Sands and the marine Bournemouth beds are, I believe, 
the western equivalents or extreme shore-conditions of the Brackles- 
ham sea. 

My especial object in bringing this paper before the Society is, how- 
ever, to prove that the Bournemouth leaf-beds immediately underlie 


Fig. 1.—Restored Section between Highcliff and Hengistbury Head. 
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1. Hengistbury-Head beds of the Middle Bracklesham. 
2. White Sands at the base of Highcliff and capping Hengistbury Head. 
3. Barton and Upper Bracklesham beds. 
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the Bracklesham series and are, unlike those of Alum Bay, of Middle 
and not Lower Bagshot age, as had, I believe, been hitherto supposed. 
I have also ascertained that a great portion of the cliffs between the 
Head and Bournemouth are of marine origin and highly fossiliferous, 
and these I describe in detail. These marine beds are of two di- 
stinct characters; and both of them I have traced across to Alum 
Bay, where they are well represented. 

The strata forming the promontory are higher in the series than 
those on the west, but below the Highcliff beds; and they can 
also, as divided by Lyell, be separately traced across to Alum Bay. 
No detailed correlation has, I believe, been previously attempted. 

Highcliff Sands—At Highcliff (fig.1), nearly under Rothsay Castle, 
the section is substantially as given by Mr. Fisher* :— 


ft. in. 

_ (Coarse, green, sandy clay, with grains of quartz. “ The 
5 | tool gives a bright green streak.” 2.02. .00.....-2c0s2ceseeee 8 
= Indurated marly clay with ‘‘ tabular soft septaria.” ...... 7 

fq | Dark green, coarse, sandy clay, “ giving a bright green 
Nepeecealkevmithythentoolg ion. va dcveuscnacacsmeetcy somerset cialis 9 0 

( ‘‘ Pebble-bed towards the W., changing H. into soft, dark, 

| | sandy clay, with scattered pebbles and impressions of 
2 MOSUL SMA es seresanstnuaclecein ec sctsscinc eee denen a acetone meet seen cus 1 6 

s 4 Sands, clay ey at bottom. Very variable W. ‘There is 

rz | a band of ironstone-septaria in these sands which is not 
S WEESISHEMG sure noe (sel nnesatieds es meenns veed cacdtec sed ceh ca ncouteg 33 0 
(29) || 1B evovel ox? sahieatay oY] 0) 6] esha ge Rene eAane Gonedeanenadanaoncraaseoncraeand 6 
White sand; the bottom not seen..............ceccsecseceeceee 6 0 


Fifty yards from the western termination of the cliffs, where they 
are still 50 feet high, the section has no septaria-layers; but at the 
base of the cliff we have coming in 


ft. in 

IU@GRS) Vi7lcltes) BENNE |S coododdnondoponpacqbhocgnooe epbacgboabqRsqRHObe60 10 0 
Hard, dark clayey sandstone with scattered pebbles at 

[SEIS Gadbsonosn bee anotuoqsednpeyduodeborucdnac6 socdoceracdonsoadase 1 0 

Hard yellow mottled sand shading to white ............... 6 O 


These sands dip conformably with the Barton and Hordwell series 
14° to 2° KE. The curious turn the water flowing from Christ- 
church Harbour has taken within the last few years, known as the 
Run, has fortunately revealed the section to the very sea-level; and 
it is now seen that these sands rest upon another and lower series 
of dark sandy clay with ironstone nodules. These and the 
overlying sands can be almost directly traced to the headland, 
where they form the cliffs; for at the ferry, about midway between 
them, the landing-place is on hard compact clay, upon and about 
which are lying a few identically similar ironstone nodules. The 
sands themselves, however, have not resisted denudation and, like 
the Boscombe Sands on the other side of the Head, have been re- 
moved for the space of a mile. 


* L.c.p. 88. The woodcut, however (p. 87), is incorrect, showing too great 
a dip fil a sudden curve in the strata. 
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Hengistbuwry Head.—The curious promontory of Hengistbury Head 
is mainly composed of strata which form the uppermost portion of a 
local and shore series, contemporaneous with the Bracklesham, which 
we may for convenience call the Bournemouth beds. It is a particularly 
interesting spot, as it reveals the presence of beds whose existence be- 
tween the base of the Highcliff beds and the white sands of Double 
Dykes would probably have been otherwise unsuspected. The compact 
nature of the strata forming it has preserved it during the denuda- 
tion of the surrounding area ; and the layers of irony septaria, falling 
into the water, have made a reef stretching a quarter of a mile sea- 
wards, and thus saved it from being entirely swept away by the 
sea. The contour of these rocks, known as the Beerpan rocks, 
is in almost all weathers sharply defined by the smoother water 
within their barrier, and probably marks the original extent of the 
headland. The dip of the beds would take them, just beyond these 
rocks, out of the reach of the sea. The general shape of the pro- 
montory is a parallelogram with its northern extremity obliquely 
truncated ; it is three quarters of a mile long, by about a quarter 
broad, the longer side running N.W. by 8.E. ‘The cliffs facing the sea 
are about 50 feet high at their 8. point, increasing N. to 100 feet. N. 
and E. they present bold escarpments to the sea; 8. and EH. they rise 
from a plain of blown sand, which forms the banks of the harbour and 
stretches one mile to Mudeford. The dip and strike of the strata 
follow the contour of the land, and are about 3° §., 2° 8.E., 3° E. 


Fig. 3.—Hengistbury Head, west side. 
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1. Boscombe Sands. 
2. Lower bed with green grains, and Upper bed with ironstone, 


3. White Highcliff sand. 

The form of the Head must have rendered it a position of great 
importance to an invading or beaten army in early times; and its 
advantages were not neglected, as the ancient walls and fosses known 
as Double Dykes, defending it from the mainland, prove. It should 
be, with its barrows and legendary name, a place of interest to the 
antiquary ; it possesses many attractions to the artist, whilst its 
heather, to judge from the abundance of birds, is little disturbed by 
the gun. 

The highest beds met with in the headland are undoubtedly, ac- 
cording to my thinking, the continuation of the white sands at the 
base of Highcliff. They extend almost all over it and at the highest 
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point, the watch-house, are 25 feet thick. In various places sections 
are exposed, as at the N. corner of the Head, where under 3 feet of 
peat we see 12 feet brown and yellow sand; yellowish sand with 
four thin layers of pipeclay, 2 feet 5 inches ; white sand shading to 
orange, 1 foot 3 inches ; deep orange-mottled clayey sand, 11 inches, 
resting upon brownish sandy clay with septaria. At the S.H. 
corner we notice 6 feet whitish sand shading to orange, with 1 foot 
9 inches orange sandy clay at base. The 8.H. extremity presents a 
good section of the white sands :— 


ft. im. 

Hich White sand with a few yellow bands .................2s0000- (280 
ice Hard: whitesan deesereeeen cere eeepencesatencsnare se o-s Masa it © 

es A Yellowish and orange clayey sand...............00seeeeeeeee 14: 
Sands. | Hard white sand ((lcealijpatiel)) reeeretes- seekers sees eee Le 10 
Heng- ( Dark clays and light sand in irregular layers ............... 1 9 
istbury- } Hard white sand (local patch) ...........-.12-s1se-seeeeeee eee 3.3 
Head ) Brownish sandy clay with iromstone................s.ceceeeees 44 0 

Beds. | Débris concealing 12-feet bed of greensand. 


The white sands are 30 feet thick at Highcliff, having thinned out 
from 42 feet at Alum Bay, and are therefore probably originally even 
less in thickness here. At Alum Bay and at the Head the junction 
or base bed is strongly ochreous in colour. 

Hengistbury-Head Bed.—The next stratum does not, so far as 
the coast-line of the mainland is concerned, extend beyond the 
Head itself. It is composed of brownish-drab, laminated, sandy 
loam, about 45 feet thick, with from 3 to 5 nearly parallel layers of 
large tabular ironstone * concretions. It is well exposed on the 
S.W. and §8.E. sides, and in an extensive quarry which nearly 
cuts the headland in two, E. and W. ‘These septaria are con- 
spicuous objects in the cliffs and form a reef running out to sea. 
They sometimes contain sharks’ teeth, of both the Otodus and 
Lamna type, and vertebrae. Frequently, also, compressed tree-stems 
of considerable size traverse them; one of these, according to Sir C. 
Lyell, measured 4 x 23 feet with 4 in. of bark like black shining coal ; 
I have measured others 5 feet in length, but not so wide. All the 
wood is riddled with Teredo-borings of large size. Prof. Prestwich 
records the occurrence of seeds in the septaria; but I have looked 
in vain for them, although layers of washed and fragmentary lig- 
nitic matter are not unfrequent. Itis probable that the dicoty- 
ledonous leaves in the list of fossils from Hengistbury Head on the 
Geological Survey map were from this stratum ; since although I have 
failed to discover any trace of such here, I have found a tolerably 
perfect leaf at St. Catharine’s Hill in the same beds further inland. 
The four bivalve shells in the same list are probably, like the Modiola 
found by Prestwich “in the lower part of the clay,” from the green- 
sand next described, in which I some years ago met with a few 
casts of bivalves. 

Succeeding the 45 feet of ironstone-bearing sandy clay, and at 
about 7 feet 6 inches below the bottom line of nodules, is a distinct 


* Mr. Tylor, Quart. Journ. Geol. Soe. vol. vi. p. 138, gives a brief account of 
these blocks. 
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and compact bed, 12 feet thick, of glauconitic sandy clay, with green 
grains and with occasional lignitic layers, very similar in appearance to 
some of the Highcliff beds described by Mr. Fisher*. This bed rises 
at the 8.E. corner of the promontory, and at its N.W. end is at least 
30 feet above the beach. It includes scattered, round, black flint 
pebbles throughout, and has a continuous layer of them at its base. 
This and the succeeding beds rise at an angle of 2° or 3°. Like the 
preceding, it does not extend along the coast beyond the Head itself. 
At Alum Bay the position of the two beds last described is occupied 
by similar sandy clays, 71 feet thick, becoming more sandy towards 
the base and containing five layers of lignite, and capped by a thin 
seam of red sandy clay, answering probably to the orange-coloured 
bed at the base of the Highcliff sands. 

Boscombe Sands.—The next series is perfectly distinct and may be 
called the Boscombe Sands. It represents the principal mass, 148 feet 
thick, of brilliant-coloured sands at Alum Bay (numbered 25 to 26 
in Prestwich’s section, see fig. 6), containing thin straggling layers of 
flint pebbles with small rounded fragments of quartz. These beds, at 
Hengistbury Head, are only seen in the longest or 8.W. range of 
cliffs, towards the centre of which they gradually rise from the 
beach. From the point at which they rise until a thickness of 7 
feet or 8 feet is exposed, they are whitish or ash-coloured sand, con- 
taining much scattered lignitic matter, with layers of pebbles about 
3 feet apart. The layers are, however, not persistent, and we find 
within a few yards a 3-feet bed of sand between two pebble-layers 
thickened to 12 feet, and including four layers of pebbles; nor are 
the pebbles always confined to layers. Under the white are pinkish, 
black, and deep chocolate-coloured sands 17 feet thick, again under- 
lain by 7 feet of white sand. The junction between the dark 
coffee-coloured sands (which become black after a few minutes’ ex- 
posure to the air) and the upper white sands is remarkable, the 
white sands haying cut through and imbedded angular pieces of the 
darker sand of all sizes up to 4 or 5 feet diameter. The surface of 
the dark sand as well as some of the larger detached pieces have been 
bored by Teredo or Pholas before being imbedded (fig. 4, p. 216). The 
dark sand has basin-shaped patches of pinkish ash-coloured sand at 
the top, the pink sand sometimes forming a layer 1 foot 6 inches thick 
above the pebbles, so that the latter do not always mark the junc- 
tion. Nearer the neck of the headland the bottom white beds become 
thicker and more compact, and contain iron layers and small con- 
eretions. he dark beds are very variable and change colour within 
short distances. 

For half a mile the cliffs are very low, being but 17 feet high near 
Double Dykes, and composed of shingle, showing here and there at 
their base the uneven and eroded surface of the Boscombe Sands, 
which are now yellowish white. Here these loose sands and 
pebble-beds have been a prey to subsequent denudation, which, 
however, had not force to remove the included heavy shingle, 
but has left it in solid masses 12 and 15 feet thick, mixed with the 


* ©. Fisher, Quart. Journ. Geol. Soc. vol. xviii. p. 86. 
a2 


216 J. 8. GARDNER—DESCRIPTION AND 


more recent angular gravel. Both supply material to the present 
beach. 


Fig. 4.—Mass of Black Sand imbedded in matrix of white siliceous 
sand and bored by Mollusca. 


A little over 3 miles due north of the Head there is another hill or, 
rather, range of hills of similar contour to that of Hengistbury Head. 
This, St. Catharine’s Hill, 160 feet high, possesses, like the head- 
land, a flat top and abrupt escarpments on all sides, and was also 
chosen as a strong place in ancient British times, as the remains of a 
camp, fort, four watch-towers, and numerous tumuli sufficiently prove. 

From the singular resemblance which the hill bears in outline to 
Hengistbury Head, and from its relative position, it seems certain 
that it must be composed of a second mass of identical strata. 
Although it is completely overgrown, except where a brick-pit has 
dug slightly into it at its northern end, the evidence there is alone 
almost conclusive. The following section is exposed :— 


ft. in. 

Highcliff Sand? Orange sand and clay .............2....0..02.02.-0-08- 3.0 

Heer Ash=colourediclay Mises cnsctnccser asec eae seer eee 3d 0 
Bae 5 Drab clay with iron concretions exactly as at Hengist- 

BN : j 

There |2)0 0A 7c cro DRM NR eA NERS BeS AER ADAP oEBECUmE nce naemcdaaocaeeecadad a) 

q Dark and very lignitic sand ............-2-sesesceeseenes esos 2 6 
White and yellow sand with layers of light clay almost 

White at base’ eich lass sagodstns sanoeseceeu ance neces ene 0 


Notwithstanding that the Hengistbury-Head beds have thus 
perhaps thinned out, there can be but little doubt of their identity. 
The valley of the Avon on the east is probably scooped out of the 
yielding Highcliff Sands ; and that of the Stour to the W. has been 
worn through the Boscombe Sands. The beds seen in the pits are 
again very variable, there being a lenticular patch of whitish sand 
with iron stains, 10 feet thick, on the east side of the pit. The dip 
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is S.E. and E. about 7° and N.N.E. 6°. The laminated drab clay 
evidently contains well-preserved dicotyledons, but the other beds 
appear unfossiliferous. A pit higher in the hill-side confirms the 
supposition that the overlying beds are sand. 

We have thus at Hengistbury Head (fig. 3), in the first place, the 
Highcliff Sands; white sand with a maximum thickness, under the 
watch-house, of 25 feet; next, the Hengistbury-Head beds, com- 
posed of 45 feet, or perhaps a little more, of clay with ironstone 
concretions, and 12 feet of clay with green grains ; lastly, 30 or 40 
feet of Boscombe Sands, whose base is not exposed. At Alum Bay, 
the first is represented by 42 feet of yellow and white sand, ochre- 
ous at base, like these, No. 28 in Prestwich’s section*. The Hengist- 
bury-Head beds are equivalent to No. 27 of the Alum-Bay section, 
71 feet in thickness, and are confined to this Head as far as the coast 
of the mainland is concerned. ‘Their position is between 150 and 
200 feet down in the Bracklesham series. The Boscombe Sands 
extend to beyond Boscombe, and are the equivalents of beds Nos. 26 
and 25 at Alum Bay, where they comprise 147 feet of sand with 
occasional layers of pebbles. These, although on the mainland of 
plain white, buff, or chocolate-colour, are the most brilliantly 
coloured of all the sands at Alum Bay. 

A careful examination of the cliffs in the bay from this point to 
Bournemouth shows conelusively that there is a general sequence, 
and that the strata, although nearly horizontal, have a slight dip, 
sufficient, however, in so great a distance, to pass through two complete 
series of beds.- The upper series is the continuation of the Boscombe 
Sands just noticed, and has a probable thickness of at least 100 feet, 
but is here entirely composed of sands shading from orange to white 
and enclosing heavy shingle-beds. The second series is composed of 
sands and dark clays of marine origin, which we may provisionally 
callthe Bournemouth Marine Beds, and which contain numerous and 
interesting fossil remains. Both these series extend to within a third 
of a mile of Bournemouth pier, the lower one partly thinning out 
and being partly replaced by freshwater beds. 

Passing over the irregular patches of white sand which are seen 
underlying the shingle already mentioned as forming low cliffs be- 
tween Hengistbury Head and the main coast-line, we find the first 
regular rise of the beds at a place called the Cellars, exactly 1 mile 
west of the Head, and about 700 yards E. of the Coastguard flag- 
staff. The lowermost beds are chocolate-coloured sands and dark 
sandy clays with vegetable remains, belonging to the Bournemouth 
Marine Beds, which rise in successive layers at angles of about 5°. 
At a distance of 110 yards west of the Cellars they have risen but 
5 feet, and are frequently obscured by heaped-up shingle. The 
overlying white sand beds rise with them and are here 10 feet thick. 
176 yards further west we have a small patch of dark clay 25 feet 
across, presenting a lenticular section, underlain by shingle, a very 
unusual arrangement. Iam particular in noticing this clay patch, 
as I have no doubt it was a similar patch, if not this very one, which 


* Quart. Journ. Geol. Soe. vol. ii. p. 258. 
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Prof. Prestwich took for a “ slight throw-in of an overlying stratum ” 
of the Barton beds. The shingle is imbedded, as usual, in white sand, 
and underlain by yellow and grey sand in layers, and then by darker 
clayey sand. ‘The cliffs are here 30 feet high with an easterly dip 
of 7°, and are more than halt composed of gravel ; 260 yards further 
the dip decreases to 5°, and we have in descending order ash-coloured 
sand and clay, a narrow seam of pink clay, white sand shading to 
fawn, a thin line of dark clay, lemon-coloured sand, and 23 feet white 
sand with laminated pale drab clays. A little westward a layer of iron 
sandstone appears; and 100 yards further the dip decreases again to 
3° or 4°. At this point we find irony and fawn-coloured sands irregu- 
larly bedded under the gravel, then sandy laminated clay with two 
layers of orange-coloured clay, succeeded by three layers of black 
clay between lignitic sand. Under the flagstaff is an important 
shingle deposit comprising two nearly herizontal and parallel layers 
at its base, and several masses bedded obliquely at an angle of some 
25° above. The whole of the shingle-beds appear to have been mis- 
taken for diluvium by Lyell, but were recognized by Prestwich and 
distinguished from the surface-gravel. They consist, he says *, 
‘“‘uniformly and solely of perfectly rounded smaller or larger flint 
pebbles, mixed with more or less sand, and always, when the latter 
predominates, showing distinct though rough stratification.” <A 
section by Prestwich appears to have been taken from this spot, 
where the flints are very large and round. For 400 yards there is no 
change of importance; but the base-beds show clearly defined stratula, 
which prove, like the slope of the old shingle beaches, that they were 
thrown down by water advancing from the eastward. At this point 
occur more dark lenticular clay patches of the Bournemouth beds ; 
and through the increased height of these more of the overlying Bos- 
combe Sands seem to have escaped denudation. The line of sepa- 
ration between these latter and the beds below may be distinctly 
traced,as a thin but more or less persistent clay seam checks the down- 
ward percolation of water, and throws it out in numerous tiny 
springs, the wet uniformly darkening the beds below even where they 
are composed of white sand. The clay patches continue without change 
for 150 yards. ‘The cliffs are then 65 feet high, 40 feet belonging to 
the lower series and 20 to the Boscombe Sands, with little or no 
gravel capping. ‘The upper beds exhibit stratula at reversed angles, 
showing cross currents, or that the prevailing set of the tides was 
often changed. The lower beds change frequently from dark clays 
to buff or white sands, sometimes within 10 yards, and contain great 
lenticular patches scooped out of them and filledin with white sand, 
marking probably former channels parallel with the shore, such as 
we see to-day on the same spot. ‘The damp surface of the cliffs, to 
which blown sand clings, obscures, however, most of these changes, 
and they must be bared with a spade or pick to be visible. They 
are most distinct after heavy rain. About 400 yards beyond a little 
chine in which the coastguard boats are sheltered, the junction line 
is temporarily lost, and the whole cliff is composed of yellow sand, 


* Prestwich, Quart. Journ. Geol. Soc. vol. v. p. 46. 
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soon again diversified in its lower portion by a fresh series of small 
black lenticular patches. That these lenticular patches are cross sec- 
tions of ancient channels parallel with the old shore seems probable ; 
and that they are of considerable length may be argued from the fact 
that both Prof. Prestwich’s sections* show an arrangement which can 
be identified by certain peculiarities with two existing patches, not- 
withstanding that, in the 30 years that have elapsed since these 
figures were drawn, there is reason to believe 100 yards of coast 
may have been washed away. One coastguardsman estimated that as 
much as 60 yards had gone in about 16 years, and all testimony points 
to a rapid waste. That this is much feared is clear from the great di- 
stance from the cliff at which the coastguard buildings are erected, 
and a monument on Double Dykes has had to be shifted further inland. 

Wet brings down large masses of mud and sand in a few hours ; 
wind produces continuous streams of sand; the falling pebbles com- 
pel you to give the cliffs a wide berth; and perpetual slips cause 
anxiety to the nevertheless fortunate proprietors of the lands 
bordering the sea. 250 yards to the east I detected a bean-like 
single-seeded pod with indistinct leaves, and other seeds in one of 
the lenticular patches. Here seems to be inserted a fresh series of 
laminated sands, 6 feet thick, with much wood and lignite; but with 
this exception the cliffs, 77 feet high, are all sand with only occa- 
sional darker lenticular patches, and with very few pebbles in thin 
small layers. ‘The dip decreases 150 yards W. to 1°, and E.S.E. by 
8.E. - The bottom-beds, 12 feet thick, contain distinct impressions of 
leaves in a liver-coloured clay; among them an ovate and a strongly 
serrate leaf are recognizable. 44 yards on we have several layers 
of black clay under the line of damp already mentioned as separating 
the two series of beds, then white sand, and only 10 feet dark sandy 
clay. The Bournemouth beds, here 40 feet thick, form, as a rule, a 
nearly vertical base to the cliff; whilst the Boscombe Sands, frequently 
nearly pure white and fit for glass-making, always slope back at a 
considerable angle. 130 yards W. we have another curious series 
of parallel shingle-beds ; and in the base-beds, which are of liver- 
coloured clay, a large laurel-shaped leaf is abundant, associated with 
a pod as large as and resembling an ordinary pea-pod ; 66 yards W. 
the cliffs again become wholly sand with a dip of 3°, the white sand 
showing fine examples of stratula; 154 yards further on, lenticular 
patches again appear, 40 feet from the beach. I will not, however, 
describe too minutely the details of the cliffs, and therefore pass over 
the changes occurring in the next quarter of a mile, and come to a con- 
erete road constructed up the face of the cliff by Lord Portman, who 
has also gone to considerable expense in pile-driving at its foot, it is 
to be feared, unavailingly. Even the road itself, unless constantly 
cleared, will be filled by blown and falling sand, which forms great 
dunes at the top of the cliff. The cliff here shows, in descending 
order, gravel, ochreous sand, white sand in stratula, white sand with 
iron stains, iron-coloured sand, pinkish clayey sand not holding water, 
orange sandy clay and sand, thick black lignitic sand, mottled white 


* L.c. p. 46. fig. 3, p. 47. fig. 4. 
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and yellow sand, and, finally, much twisted black clay, the latter hold- 
ing the water whose mischief Lord Portman endeayours to remedy. 
A little eastward the pinkish clayey sand ceases, the lignitic sand 
passes into pure glass-sand, and there are thick shingle-beds at the 
top. For 200 yards further we find the lower half of the cliffs com- 
posed of white sand, the upper of orange sand; 90 yards further we 
meet with very regular layers of shingle and curiously twisted lig- 
nitic sand and clay at the base. The cliffs are now 100 feet high ; 
380 yards further on we reach the first really paleeontologically in- 
teresting spot. This is an obliquely bedded lignitic sand, some 16 
feet thick, containing very perfect and almost uncompressed limbs 
of all sizes of an American form of Cactus *, described by Heer from 
Bovey Tracey as Palmacites demonorops. ‘Together with this, and 
even more abundant, are branches of a Sequoia-like conifer 7. The 
upper part of the cliff is nearly pure white sand, the rest (the 
Bournemouth beds) being composed of greyish sand and clay in 
layers. It is singular that these Cactus and coniferous branches 
should have been deposited in this place in abundance, and only here, 
in company with fragments and branches of wood (riddled by Teredo) 
and sharks’ teeth. A few yards E. or W. we may search in vain for 
them ; andit is difficult to understand why they are so completely 
separated from the fruits and seeds elsewhere so abundant. 

120 yards beyond this are the Honeycomb Chines, the sides of 
which are upwards of 100 feet high and of most picturesque ap- 
pearance. The ridge separating them, deprived of its gravel capping, 
and formed of snow-white sand, looks quite Alpine with its sharply 
cut peaks and water-worn gullies, which may be magnified by 
imagination into chasms and crevasses. ‘The ribbon-like and netted 
surface, produced by weathering, produces a singular and striking 
effect. Lyell represents 3 chines at about the same spot; but it is 
hardly conceivable that any trace of those should remain at this 
day, as over fifty years have since elapsed. Last spring the face of 
the buttress separating the two fell away like an avalanche, which 
will take many a rough sea to remove. The production of these 
chines is marvellously rapid ;, a week’s rain sometimes goes far to pro- 
duce one where a few days before not even an indentation was visible. 
But their picturesque aspect is not their only charm to the geologist. 
The beds towards the base are full of interest. A section taken on 
the east side of the eastern chine shows, in descending order :— 

feet. 

20 Yellow sand and gravel. 

38 White sand. 

5 Whitish sand with lignitic matter. 
1to8 Dark reddish ash-coloured lignitie sand crowded with WNipadites, but 

almost without other recognizable fruits. 

6 Whitish and ash-coloured lignitic sand, with occasional fruits resembling 

Petrophiloides, Cucwmites, and Hightea of Bowerbank. 

2 White-sand matrix, black with rolled lignite. 


3 White sandy clay bored by Pholas. 
Sand 10 or 12 feet to beach. 


* Identified by Carruthers. t Sequoia Sternbergii ? 
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This section varies considerably in different parts of the two 
chines; but the Nipadite-zone is constant in both. The thick sands 
of the upper series enclose no shingle here. No reliable dip inland 
can be obtained, as the bedding is somewhat confused; but in most 
of the faces running N.N.E., N.N.W., W.N.W. the beds appear 
horizontal, the principal dip appearing to be towards W.S.W. The 
horizon of the Nipadite-bed at the extremity of the chines is 42 feet 
above sea-level, top of lignitic sand 47 feet, top of white sand 85 feet, 
with a capping of about 20 feet yellow sand and gravel. At the 
entrance to the chine the Nipadite-bed is but 25 feet above sea, 
and the top of the lignitic sand 50 feet. The base of a fine palm- 
stem was found in sand 15 feet above sea-level, near the entrance to 
the second chine. The bark and woody structure are in perfect 
preservation, and the roots still entangle the white clay in which 
the tree was imbedded before it was washed, in Kocene times, from 
the older beds nearer to Poole. 

It is singular that the Nipadites, which are so abundant in the 
chines that after rains twenty or thirty may be collected in an hour, 
cannot be traced either east or west of the chines. I have met with 
them in only one other locality nearer Bournemouth, where they 
are comparatively rare. No specimen has the base preserved, all 
exhibiting the characteristic predisposition to dissolution*. 

The husks are mixed with masses of rounded and carbonized 
pellets of vegetable matter, occurring in layers, which have evidently 
been subjected to attrition by tidal water. It seems clear that they 
must have floated, or they would have heen pulverized, like the more 
solid remains with which they are mingled; their deposition in 
layers renders it probable that they were periodically stranded by 
the winds and in great numbers. 

Bowerbank, in his ‘ Fossil Fruits and Seeds from Sheppey,’ gives 
some curious particulars respecting the Mpadites found at Sheppey 
and the recent genus Mipa. The principal habitat of the latter 
appears to be near large rivers and in watery and marshy places 
where the soil is black mud or clay frequently covered with water. 
‘“‘ Tt is observed at the mouth of all the great and rapid rivers, and 
also in such places as are overflowed by the sea or by brackish 
water ; for this tree grows best in soil impregnated with salt.” 

The Bournemouth species most resembles V. crassus, Bow. They 
appeared to have completed germination, and the exhausted and 
hollow fruit is filled with white sand with little trace of vegetable 
matter. The pericarp is present, and the endocarp is sometimes 
preserved, but equally filled with the same sand. This want of 
variety in the vegetable remains shows that they were deposited 
near to where they grew; the variety of form at Sheppey indi- 
cating, on the contrary, an assemblage brought together from a large 
area. 

Returning to the cliffs: 220 yards to the west is Boscombe Chine, 
at the east corner of which is a small patch of hard greenish clay 
which may be designated the Dryandra-bed, as it is filled with tufts 

* See Bowerbank, ‘ History of Fossil Fruits of the London Clay,’ pp. 4, 7. 
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of leaves of a small acutely-lobed Proteacean (which differs from those 
of Alum Bay) and with compressed coniferous branches. Under 
this patch is a compact bed of hard whity-brown and ash-coloured 
sand with more coniferous branches and seeds. A few feet east, in 
16 feet of liver-coloured clay under 8} feet of greenish clay, we meet, 
for the first time, so far as I have observed, in these beds, with casts 
of oysters in great masses. At the corner of the chine, close to the 
beach, the grey sand contains branches of trees 3 or 4 feet long, with 
more perfect Yeredo-borings than any met with elsewhere on this 
coast. 

The eastern side of Boscombe Chine is overgrown ; but the western 
side is well exposed for nearly a quarter of a mile, and shows that 
the beds are quite as variable in a transverse as we haye seen them 
to be in the longitudinal section, and that they here rise inland 
very rapidly. The W. corner presents a curious instance of de- 
nudation by wind which has taken place within my own recollection. 
For 50 yards the upper beds have been swept off, the top of the 
lower and more compact beds now forming a plateau of that extent. 
Proceeding W. the lower beds for 150 yards are dark and compact, 
forming a perpendicular cliff 25 feet in height, the junction between 
these and the upper series, now of an orange-colour, being sharply 
defined. The masses of lignitic sand forming the upper beds of the 
lower series appear to enclose none of the seeds which we some- 
times find sparsely scattered in the sands below. These beds dip 8°, 
and under them rises greensand with casts of oysters, sometimes 
coated with Bryozoa. 60 yards eastward a clay patch occurs as many 
yards in length, and of a drab and irony hue at the base, emitting a 
sulphurous smell when divided. It has indistinct leaf-remains, and 
is penetrated by fossil roots or sedges. or the next 200 yards the 
sections are obscured by slips, but the dark beds appear occasionally 
and are seen to be full of oysters. 

Next to this is the iron-ladder path, where the cliffs are about 
80 feet high, with the addition of a capping of nearly 30 feet of 
blown sand. We here find the following section :—Lower beds: 
base very sandy clay obliquely bedded, 3 feet; dark sandy clay 
getting more decidedly clayey towards the top, the last foot being 
very stiff black clay shading to lead-colour, 30 feet; over this are 
whitish-grey sands with grains of lignite and a few seeds, 8 
feet; total about 40 feet. Upper beds: principally white glass- 
sand, but yellow towards the top and base, 40 feet. A very few 
yards west, however, the obliquely bedded sandy clays rise and 
attain a thickness of 30 feet, and are then replaced by hard white 
sand, unconformable to the obliquely bedded clays. At the end of 
200 yards these again become first more yellow and then interlace 
with nearly black sands, which soon entirely replace them. Here 
Nipadites are again found, but very sparingly, together with fruits, 
which are rare, resembling Hightea minima, Bow., and Anona, Heer 
For another 250 yards dark yellow and grey sands 50 feet thick 
alternate, the upper beds consisting of orange or white stratulated 
sands of nearly equal thickness; but at this point a small patch 
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quite at the base of the cliff deserves especial notice, as it is literally 
crowded with seeds and fruit, supposed of Hightea and Cucumites, 
and more rarely fruits of Petrophiloides. The patch is situated 
between the extremities of two unconformable sandy clay-beds. 
[So local, however, are these seeds that within the last year a 
shift of a small streamlet 2 or 3 yards to the east has caused them 
but rarely to be washed out.| They appear at the time of deposition 
to have been caught in an eddy, and are mixed with stems and 
leaves, the latter, although they cannot be worked out, being so 
perfect when weathered out by spray as to seem like freshly decayed 
leaves blown on to the face of the cliff*. This new base-bed soon 
changes to sand of a white or ash-colour, full of lignitic grains and 
occasional slightly bored logs of wood, without fruits, but containing 
in one place an included mass of jet-black clay crowded with broken 
pinnee of Osmunda. ‘The section of the lower series is at this spot: 
—hlack clay at base, 8 feet; then white, drab and white sand with 
lignite, 44 feet; capped with a thin water-holding seam of clay. The 
upper series is unchanged. We now approach the point of final dis- 
appearance of the marine series of beds, which within about 100 yards 
gives place to beds of freshwater origin. Before their disappearance, 
which is due partly to the rise of lower beds and partly to their 
passage into the freshwater beds, they. become greatly disturbed, 
and have been much broken up and redeposited ; while the changes 
in their composition are so rapid that the most minute and careful 
examination is required to understand their sequence. They are 
mostly highly fossiliferous and of the greatest interest. Within 
less than 50 yards of the last section we have the following, in 
ascending order :— 


ft. 
fal (take, quartz grit 
| Light drab clay 
( Liver-coloured clay with pyritized stems penetrating. ) 
| Angular lumps of unfossiliferous hard dark bands 


eee 24  redeposited in a matrix of light lignitic sand ...... 425 

eae 4 Lignitic sand with slightly rounded blocks of a re- | 
: Glejayosmtisl Neve oech Sa upceopdonc. posbbeddondocochdedseboods 

Smelichtroneyasan de scence ecsrccsme si ancsseeeeceeceeere sae. 15 

Greenish sand with oysters, Hlustra, &C. .........s60008 4 

Al \ Jerimle fhakel-@limiloy GENT pasnopoodeederodoodmoscandeodacenpacaseoae 1 

t Lemon and ochreous clayey sand ................0000000 3 

Upper { Wiktifevsanclgmete rescence tte secant dnucticdscssebsccoatties 14 

Series. Orange and yellow sand ...............sc0seeceeees about 20 


Total about 85 


* About fifteen distinct forms only are at present known from these beds, 
and they are mostly of small size. These fruits, although not rivalling in 
yariety and importance those from Sheppey, are nevertheless of the highest 
possible interest, as should their supposed identity with the latter be sustained, 
the fruits of Sheppey would assist in the determination of the Bournemouth 
leaves in an unlooked-for manner. If these fruits, which are above the horizon 
of the leaves, are identical with or even similar to those from the London Clay 
below, we have there the strongest reason to infer that the leaves lying between 
them were leaves belonging to the same groups of plants to which the fruits 
belonged, and grew on the same land. We may thus find in the Sheppey fruits 


204 J. 3. GARDNER—DESCRIPTION AND 


A new bed, about 3 feet thick, of compact dark clay, next rises, 
containing abundant seeds and fruits*, which are compressed, not 
so well preserved as in the former fruit-bed, and containing, in 
addition, various dicotyledonous leaves, including a Dryandra, and 
also Cactus-spines, as well as fragments of a broad, apparently 


Musaceous leaf. 
From a point a very few yards west of the last section, and in 


the marine beds numbered 4 in the preceding section, were obtained 
several Crustaceans. The beds here show extremely well the 
passage from marine to brackish and freshwater, and are as follows, 
descending :— 


1. Dark sands with green grains, broadest and lightest at the top, contain- 
ing masses of Ostrea dorsata? (coated with Flustra), an Arca (apparently 
A. appendiculata), a Modiola (probably M. Nystiz), Tellina tenuistriata, 
and more rarely Calyptrea trochiformis?, Phorus agglutinans, Natica 
labellata, and a Cerithiwm. 

2. Liver-coloured clay (turning black on exposure) with abundant remains 
of Callianassa, and, more rarely, a shore-crab. Bryozoa, first detected by 
Carruthers, also aboundt. A Unio-like shell is also abundant, together 
with some smaller bivalves and a minute and very rare Planorbis? 15 feet. 

(The surface of the succeeding bed is eroded for about 6 inches, and 
filled in with the overlying clay, which has also formed small pipings. ] 

8. Stiff black clays passing into lighter liver-clays at bottom, and, after a 
break, into liver-clay with ferns. Very dark sandy clay. White or 
ash-coloured sand with lignitic bands. 380 feet. 


a great help to the correct determination of the leaves; as in cases where the 
form and character of a leaf would leave it doubtful to which of several genera 
it should be referred, the presence of fruits of any one of the genera to which 
the leaf might be referred would assist us to determine its genus, with a far 
greater approximation to certainty than if no such fruit existed. 

* The likeness of these to the Bovey-Tracey seeds called Anona is so extra- 
ordinary that if specimens from both localities were mixed they could not 
again be separated with certainty. 

+ Mr. Waters, who has kindly examined the specimens of Bryozoa obtained 
here, writes to me as follows, about them :— 

“The fossil Bryozoa from Bournemouth which you kindly allowed me to 
examine are (with the exception of one impression) all merely casts of horny 
species, and therefore do not permit any investigations into the shell-structure 
to be brought to bear. 

“ A few of the specimens are W/ustre, but, as none of the characteristic points 
are preserved, cannot be determined, since the only comparison that is possible is 
the size of the cells. 

“‘Mhere are, however, three specimens of great interest. These are casts of 
Diachoris, of which the lateral tubular connexions can be seen, and these are 
frequently broken off at the diaphragm, as is often the case in recent Diachoris. 
There are two protuberances in the cast, one on each side of the oral aperture, 
and these show that there were two rather large avicularia. The Bournemouth 
Diachoris has the distal and proximal ends in direct contact, as in Flustra and 
Carbasea, while in most Diachoris they are joined by a tubular connexion 
similar to the lateral tubes. 

“This, I believe, is the first time that a fossil Diachoris has been found, which 
on that account is of much interest. There are a few species now living in the 
Mediterranean ; but it is apparently much more common in the southern hem;- 
sphere. The Diachoris magellanicu, Busk, is the most common in the Mediter- 
ranean. It has one or two avicularia placed slightly more laterally than those 
in your specimen. 

“This mode of tubular connexion is not confined to Diachoris; for Membra- 
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The marine bed last described occurs 
on the east side of a slight indentation of 
the cliff, some 30 yards across, formed by 
a spring. Owing to this spring, which 
has of late years caused frequent land- 
slips, the section is seldom to be seen; 
but it was visible after much digging 
during the summer, great cracks threat- 
ening all the time, however, a fresh slip. 
No description can render intelligible 
the complicated structure of this part of 
the series, the broad lines of which are 
sketched in fig. 5. On the west side of 
this landslip occurs the first leaf-bed 
which bears evidence of having been de- 
posited in fresh water. It is made up of 
thin layers of a pinkish clay between 
films of sand, and in one place contains 
nothing but leaves of ferns belonging to 
Polypodium, Chrysodium, Pteris, and 
Osmunda. 

Other beds contain a few dicotyle- 
donous leaves mixed with the ferns, 
among them a Hucalyptus ; whilst some 
of the dark beds contain branches of 
Sequoia, leguminous pods and leaves, &e. 
Over this, and to the east of the landslip, 
the last shingle-beds of the Boscombe 
Sands occur in lenticular, sometimes 
truncated patches. About 100 yards 
further west the marine beds finally thin 
out and end in a point, the cliffs being 
nearly all composed of white sand with 
short irregular patches of vegetable 
matter. The lowering of the cliffs and 
the rise of the underlying beds termi- 
nate the upper or marine series at this 
point. 


nipora circumcincta of Heller is also connected 
by short tubes, which are more numerous than 
in Diachoris. 

“J think your specimen might well be called 
Diachoris intermedia if it is allowed to remain 
with Diachoris. 

“ There is also a cast of Membranipora, which 
in shape much resembles Membranipora pilosa, 
which is common on the seaweeds all round 
our coast; but as there are fossils with similar- 
shaped cells and great variation in other points, 
no specific determination is possible from casts. 

«Phere is an impression of an Lschara or 
Lepralia, which, I fear, cannot be determined.” 
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The extraordinarily shifting and rapidly changing character of 
the beds both horizontally and vertically, the marshy character ot 
the vegetation, as represented by ferns, Hucalyptus, Aroids, &c., 
the frequent patches of drab clay (which evidently once formed an 
oozy soil in which the ferns and perhaps water-plants rooted), the locai 
patches of ironstone, the marine beds, as well as the character of 
the fauna, shore-crabs and Callianassa, mingled with Unios, clearly 
show that this was the actual debatable margin betwixt sea and 
river, beyond which, to the west, it seems clear the encroaching 
sea never 1n these ages penetrated. 

With regard to the correlation of the Bournemouth Marine beds with 
those of the London Basin, itis clear, upon reading Prof. Prestwich’s 
description of the Middle Bagshot series in that area, that the beds 
are lithologically very similar. He ascribes to it a thickness of 
from 40 to 60 feet, and considers it to be a division of distinct 
mineral character and persistent range and structure. Whitaker, 
in the Geological Survey Memoir*, adopts Prestwich’s divisions, and 
quotes largely from his work. The lower part consists of laminated 
clays and sands; above these there is “ green sand, generally very 
pure and of a dark bottle-green colour,” 12 to 20 feet thick, suc- 
ceeded by other sands and clays, with occasional layers of rolled flint 
pebbles. ‘The presence of glauconite grains is a distinctive feature 
of the Middle Bagshot division, and the fossils that have been found 
are Bracklesham species. There can, I think, be no reasonable doubt 
that these beds represent the same stage of the Bracklesham series 
in the London Basin. When we come, however, to the Upper 
Bagshot beds in the same area, considerable doubt exists. These 
sands are described in the Survey memoir as ‘loose, generally 
whitish, and without signs of bedding or pipeclay, and are 250 to 
300 feet thick.” Considering that the Bournemouth marine beds 
are overlain by heavy deposits of white sand in every respect 
answering to this description, and that the Hengistbury-Head beds 
are also under a thick mass of whitish sand, and in the absence 
of paleontological evidence, it seems far more likely that these 
belong to Middle than Upper Bagshot time. On this supposition 
we have neither the very sudden thinning of the Middle Bagshot 
nor the absence of any indication of the Barton Clay to account for. 
I am therefore of opinion that no Eocene beds younger than the 
Brackleshams are met with in the London Basin. ‘There is one 
other point upon which I wish to remark. The fossil plant-remains 
met with in the Bournemouth beds, especially those in the marine 
series, are so strikingly similar to the Bovey-Tracey fossils as to 
make it clear to my mind that the latter have been wrongly assigned 
to the Miocene. I believe, in fact, that they are simply an outlier 
of the Bournemouth series, from which they are but eighty miles 
distant. Whether we compare the ferns, as Osmunda (Pecopteris) 
lignita, Lastrea Bunburyi, the Cactus* (Palmacites demonorops), 
the fruits, conifers, or dicotyledons, it is seen that by far the 
larger proportion are not only specifically identical, but occur 

* Mem Geol. Surv. vol. iv. p. 329. 
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exactly in the same combinations and manner of preservation. ‘The 
synchrony of the Bovey with the Hempstead beds has been inferred 
on the most slender grounds, and scarcely deserves attention now 
that it is opposed by strong evidence pointing in another direction. 


Discussion. 


Mr. Wurraker asked if the author regarded the fruits of Sheppey 
and those of Bournemouth as coming from the same horizon, and 
called attention to the thickness of strata deposited between the 
London Clay and the Bracklesham Series. He questioned the rejec- 
tion of the older nomenclature, but admitted the great difficulty of 
correlating the Middle Eocene deposits of the London and Hampshire 
basins. 

Mr. Cuartesworta remarked on the interest attaching to the 
discovery of fossil fruits at Bournemouth, and inquired whether 
Nipadites occurred, and if the fruits were in the same state of 
mineralization as at Sheppey. 

The AvrHor replied that the Bournemouth fruits were generally 
similar to those of Sheppey, and several belonging to the latter loca- 
lity also occurred at Bournemouth. He defended his correlation of 
the beds. 

Mr. Woopwarp stated that he had not yet been able to study the 
Crustacea collected by Mr. Gardner, which were not well preserved, 
and he feared would prove incapable of specific determination. He 
had recognized among them some Spider-Crabs, apparently of the 
genus Stenorhynchus, a Xanthopsis, and what appeared to be a 
Cullianassa. 
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17. On some 'Tin-pEpostrs of the Matayan Payinsuta. By Patrick 
Doyrx, Hsq., C.K. (Read January 8, 1879.) 


[Communicated by Rey. T. Wiursnire, M.A., F.G.8.] 


TueEre is a striking resemblance in the mineral characteristics of all 
parts of the Malayan Peninsula, especially in regard to the mode of 
occurrence of the deposits of tin-ore (cassiterite). 

The Malayan tin-field, including the islands of Banca and Billeton, 
extends over 17 degrees of latitude and 10 of longitude; but the 
observations of Messrs. J.ogan, Horsfield, and others, in different 
parts of this area, correspond with those which haye been noted in 
Larnt. The peninsula consists of granitic rock overlain generally by 
sandstone, and frequently also by laterite or cellular clay-ironstone, 
and, tothe north, by hmestone. A granitic mountain-range extends 
along the whole length of the peninsula, on both sides of which, 
but especially on the western or Sumatran one, are extensive alluvial 
plains, but little above the level of the sea. Iron, tin, and gold are 
the principal metals. Ores of the first are found everywhere; and tin 
has hitherto been found in all parts where search has been made. 

Perak is the second Malay State on the west side of the peninsula, 
counting from the north ; and Larnt, its chief province, is an irregular 
strip of land about 70 miles long and varying from 10 to 25 miles 
broad, bordering the coast. 

Larnt, for some ten miles inland from the sea, is a level plain ; 
then the mountain-ranges begin and rise to a height of nearly 5000 
feet, running in an almost unbroken line in a northerly direction, 
with detached hills at intervals at their base. All the land at the 
foot of these ranges is more or less stanniferous. This strip is in 
length above 50 miles, with an average breadth of six. Its level is 
even now being altered by the alluvium brought down from the hills 
by a rainfall which exceeds 150 inches per annum. 

All the ore worked up to the present time has been found in the 
alluvium derived from the mountain-ranges, ¢. ¢., in mining language, 
in stream-works. The ore has been traced up to veins in the rock, 
but these have not hitherto been worked. 

The tin-beds are composed of the débris of granitic rocks mixed 
with the ore; the latter varies in size from particles like fine sand 
to fragments as large as a hazel-nut, the deposit becoming coarser as 
the mountains are approached *. 


* The following specimens were presented in illustration of this paper: 
(1) Fine Tin-sand, obtained from the alluvial flats between the coast and tho 
mountain-range—Larnt, Perak, Malayan Peninsula. (2) Coarse Tin-sand, 
found in alluvial deposits in the interior, beyond the mountain-range and from 
thirty to forty miles from the coast—Kinta, Perak. (3) Yin-gravel, found 
under boulders at varying altitudes of from 5U0 feet to 1500 feet above sea-level 
on the western slopes of the mountain-range—Larnt, Perak. (4) Tin-ore in its 
matrix, obtained from “pockets” of the hills at an elevation of 2000 feet— 
Larnt, Perak. (5) The Yin-tray, which holds the specimens, is made of the 
tin obtained from the smelting of the above ores, and manufactured in Larnt. 


Q.J.G.8. No. 138. R 
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There can be no doubt that these beds have been formed by degra- 
dation of the mountains; these, as has been stated, consist of granitic 
rock, in which the tin-stone associated with iron-ore occurs in veins. 

We still see the processes at work, though in a modified form, by 
which deposits have been spread over large areas during long periods 
of time ; and the rotting trunks of trees, with other remains frequently 
met with in the workings, tend to prove that some of the deposits 
may be properly called “recent.” 

Sections of the mines show that the strata beneath the surface- 
soil consist of alternating bands of sand and dark clay of different 
colours, the latter sometimes being largely present. These strata 
appear to indicate strong current-action. The separate fragments 
in the lowest (or tin-bearing) layer bear clear evidence of the same. 

These fragments are of quartz, felspar, mica, and schorl; and 
among these are occasionally found masses of clay, most of which 
are so friable as to crumble to pieces when touched. In some, particles 
of quartz yet remain projecting from the surface, so as to give it a 
regular striated aspect, from which felspar separates as a white 
powder. Many of the more solid fragments have rounded angles, 
and are evidently derived from veins such as still occur in different 
parts of the country. 

Beneath the tin-bearing stratum is a peculiar white clayey substance 
which becomes friable on drying and is called “‘ Kong tay” by the 
Chinese. This is sometimes yellow, sometimes white or somewhat 
bluish. It consists of kaolin, sometimes mixed with fine quartz- 
sand, and is a decomposition-product of felspar. The kong has 
been bored to a depth of 20 feet ; but nothing except this “‘ porcelain 
clay,” mixed with more or less quartz-sand, has been found. 

Opinions differ as to whether this clay invariably underlies the 
stanniferous deposits. In the Larnt district there is little doubt 
that it does generally, the only exception to the rule being where the 
tin-stratum rests on sandstone, which, however, some have thought 
to be only the same clay with a large admixture of the quartz-sand 
already mentioned. 

The following are sections of stream-deposits in different localities 
and will give a very fair general idea of the district :— 
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Some idea of the irregular stratification of the deposits in the tin- 
field may be obtained from the fact that in a working of less than 
100 feet square the details of the sections of each of its sides differed, 
though, of course, there was a general similarity. 

The depth at which the tin-ground is struck depends upon position 
and locality. There is probably no working at a greater depth than 
30 feet. All the mining in Larnt is by open excavations. A mean 
derived from measurements of the depths of 43 mines in the Ka- 
muntin Section gives an average of 9°91 feet, the greatest and least 
depths respectively being 21 feet and 4 feet. The greatest known 
thickness of the tin-stratum is 10 feet. The mean thickness, from 
measurements in the above 43 mines, is 4°87 feet, the range being 
from 2 to 7°5 feet. The spring-level of the country may be taken 
generally at a depth of 6 feet below the surface of the ground. 

The workings cover an area of nearly 4 square miles of country, 
affording occupation for nearly 7000 labourers (Chinese), and yield 
an ageregate “ output” of about 13,000 bharas, equivalent to 52,232 
ewt. of tin per annum*, ‘The industry is fast developing under the 
British rule and bids fair to eclipse, in a period far from remote, the 


* The ore, when smelted (by the rude native process), yields from 60 to 62 
per cent, of metal, 5 
R 
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production of the other states of the peninsula and islands of the 
archipelago. 


Discussron. 


Mr. W. W. Suyru remarked that the details given in the paper 
corresponded closely with those of stream-works in other localities. 
Information on such subjects was important to capitalists. Large 
areas of alluvial deposits appeared to be rich in tin-ore in many places 
on the east side of the Bay of Bengal. So far as he knew, this was 
the first description of the region of Perak, and he trusted we 
should have more. He called attention to the association here, as 
in Queensland and elsewhere, of tin with granite. Mynheer yan 
Groot had informed him that in the islands of Bellaton and Banka 
the tin was associated with slaty rocks curiously like those of 
Cornwall and Devon, probably, though on slight fossil evidence, of 
Devonian age. 

Mr. J. H. Cottins remarked that the similarity mentioned by Mr. 
W. W. Smyth extends to the associated minerals also; for wolfram 
and gilbertite were abundant in the specimens on the table, as in 
the stanniferous granites of Cornwall. 


J. W. HULKE ON POIKILOPLEURON BUCKLANDPI. 


18. Nore on Porxtnorrevron Bucktanpi of Euprs Drstonecuamrs 
(pére), IDENTIFYING i¢ with Mueatosaurus Bucxianpr. By 
J. W. Hurxe, Esq., F.R.S., F.G.8. (Read February 5, 1879.) 


[Puare XII.] 


One difficulty, and not the least, which besets the student be- 
ginning to study fossil reptiles is the great embarrassment occa- 
sioned by the not unfrequent description of the same reptile under 
different names, involving the worse than merely useless multi- 
plication of genera and species. Wherever, then, the identification 
of a newer with an older genus can be established, entailing, as it 
should, the abandonment of the newer generic name, it is to be 
looked on as a positive gain. I now submit to the criticism of the 
Geological Society the evidence which appears to me to identify 
beyond reasonable doubt Potkilopleuwron Bucklandi of Eudes Des- 
longchamps, pcre, with an older acquaintance, Megalosawrus 
Bucklandt. 

The literature of Pokilopleuron is, fortunately, not extensive. 
The following list comprises all the principal papers relating to the 
genus which I have found, arranged according to priority of pub- 
lication :— 


I. “ Mémoire sur le Potkilopleuron Bucklandi, grand Saurien fossile, 
intermédiaire entre les Crocodiles et les Lézards, découvert dans 
les carriéres de la Maladrerie, prés de Caen, au mois de juillet 
1835.” Par M. Eudes Deslongchamps. Mém. de la Soc. Linn. 
de Normandie, vol. vi. p. 36, pls. ii.—vii. (1838). 

II. “ Report on British Fossil Reptiles.” By R. Owen. Brit. Assoc. 
Report, 1841, pp. 84-88. 

III. “ Contributions to the Anatomy and Taxonomy of the Dino- 
sauria.” By T. H. Huxley. Quart. Journ. Geol. Soc. 1869, 
XXV1. pp. 28-34. 

IY. Poikilopleuron valens. Contributions to the Extinct Vertebrate 
Fauna of the Western Territories. Part i. pp. 279 and 338, 
pl. xv. figs. 16-18. By Dr. J. Leidy. 1873. 

VY. Poikilopleuron pusillus. Supplement vii. to the Monograph on 
Fossil Reptilia of the Wealden and Purbeck Formations, in 
Pal. Soc. vol. 1876, p. 1, pl.1. By R. Owen. 


The remains of the large Saurian which Deslongchamps re- 
covered from building-materials obtained from a quarry near Caen, 
and reconstructed, after months of patient labour, with sufficient 
completeness for their skeletal determination, comprised :—a score of 
vertebrae in two series, all caudal ; a humerus and two bones, which 
he regarded as radius and ulna (but which a comparison of his 
excellent figures of them with metatarsals of Dinosaurs clearly 
shows to belong to the hind foot); parts of a tibia and fibula; an 
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astragalus and other bones of fore and hind feet; and many ribs, 
forming a costal apparatus of singular complexity, which suggested 
the generic name Porkilopleuron. For a long time Deslongchamps 
thought these remains might belong to Megalosaurus; but after 
much consideration, the weight of evidence then available appeared 
to him adverse to this, and he therefore gaye his Saurian the 
distinctive generic name Potkiloplewron, attaching to it, as he 
distinctly tells us, the specific name Bucklandi, the same as the 
trivial name of Megalosaurus, in order that if future discoveries 
should identify it with this, the identification would involve only 
the suppression of a generic denomination. 

Deslongchamps regarded his Poikilopleuron as holding an inter- 
mediate position between Crocodiles and Lizards. Three years after 
the publication of this memoir Porkilopleuron was adopted by 
Prof. Owen, and placed by him in the order Crocodilia, between 
Steneosaurus and NStreptospondylus*; and very recently this 
eminent paleontologist has reaffirmed this position on the evidence 
of a chain of vertebra, considered by him to indicate a small 
species of Povkilopleuron, which he names P. pusillus, in the col- 
lection of the Rev. W. Fox. As this chain shows the sacrum 
of the animal to have consisted of two vertebree, the same as in 
Crocodiles, Prof. Owen considers that it proves the Poikilopleuron to 
have been a Crocodile, and not a Dinosaur as Dr. J. Leidy sug- 
gested, in 1873, in his description of the vertebrae assigned by him 
to a species of Potkiloplewron which he named P. valenst. In 
1869 it had, from the similarity of its astragalus to that of Mega- 
losaurus, been placed by Prof. Huxley in the family Megalosauride 
of the order Dinosauria. 

The necessary evidence for deciding the true position of Deslong- 
champs’s Potkilopleuron in the class Reptilia, and also for solving the 
question of its individual distinctness, is fortunately to be found in 
the numerous and excellent figures he has left us of its remains. 
These, fortunately, comprise very exact and carefully executed 
representations, from several points of view, of some of the test- 
bones of Dinosauria. I refer particularly to the tibia and astra- 
galus. Its tibia, represented in pl. vii. figs. 3, 4, is manifestly 
that of atypical Dinosaur ; the form of its distal end is too plain to 
admit of any doubt on this point. The subdivision of the articular 
surface of this end of the shin-bone into an imner and an outer 
moité, with their surfaces differently inclined and so adapted to 
the corresponding hollows in the upper surface of the astragalus as 
to be incompatible with motion between these bones§, the pro- 
jecting angle shown on its postero-internal surface, and the entering 
angle depicted in its antero-external surface, for lodging the ascend- 
ing process of the astragalus, are singly and collectively known 


* Brit. Foss. Rept. in Brit. Assoc. Rep. 1841, pp. 84-88. R. Owen. 

t ‘Foss, Rept. Wealden and Purbeck,’ Suppl. vii. p. 1, pl. 1 (1876), Pal. Soc. 
vol. R. Owen. 

{ Extinct Vertebrate Fauna, part 1, pp. 279 and 388. J. Leidy. 

§ Mém. cit. pl. vi. fig. 7. 
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only in Dinosaurs, and have not yet been found in Crocodiles 
or Lizards. The form of the astragalus is so thoroughly Dino- 
saurian, and so unlike that of Crocodiles and Lizards, that it is 
unnecessary for me to do more than refer to Deslongchamps’s most 
excellent representations of itin pl. vi. fig. 12, and pl. vii. figs. 19-22, 
I believe that the study of these figures of the tibia and astragalus 
cannot fail to convince the reader of his memoir that Poikilopleuron 
is a genuine Dinosaur. These two bones also agree in every 
essential feature with the same bones of Megalosaurus Bucklandi, 
Of the astralagus of Povkilopleuron, Prof. Huxley said, in the paper 
quoted in the list, “ it is altogether like that of Megalosaurus.” 
This statement I would confirm, and I would add that it is easily 
distinguishable from the astragalus of the other European Dinosaurs 
in which this bone has been determined. It is right to add that the 
complete form of the astragalus is at present known only in 
Iguanodon Mantelli, Hypsilophodon Foxui, and Megalosaurus Buck- 
landi. The perfect adaptation of the upper surface of the astra~ 
galus to that of the distal end of the tibia enabled us, however, to 
correctly infer the form of the bone in those Dinosaurs in which it 
is not yet known. The distal end of the tibia of Megalosaurus 
Bucklandi has strong characters which readily distinguish it from 
that of Jquanodon Mantelli, Hypsilophodon Fowit, Hadrosaurus, 
Hyleosaurus, Polacanthus, and Ceteosawrus. The peculiar promi- 
nence and sharpness of the inner lip of the astragaloid depression 
on the antero-external surface at once stamps it as being distinct 
from the tibia of all the Dinosaurs just mentioned, and this stamp 
is only borne also by the tibia of Povkilopleuron. 

With respect to the vertebree, it is unfortunate that Deslong- 
champs’s twenty were all caudal. He writes (p. 75) :—‘ The an- 
terior and posterior faces of the vertebre are slightly concave, and 
the concavity is deeper the nearer the vertebre are to the end of 
the tail.” In the vertebrae of the first series the body is nearly 
circular at the two ends (pl. vii. fig. 14); in the second series it 
more approaches an oval with the larger diameter vertical” 
(pl. vii. figs. 8,9); ‘the border for the attachment of the outer 
layers of the (interarticular) fibro-cartilage is very pronounced.” 
“The middle part of the body differs in the two series; it is 
compressed and rounded in the first series, so as to present not 
more than half the breadth of the two ends. In the narrowest 
part, at the junction of the body, is a wide shallow groove, the 
upper border of which is more prominent in proportion as the 
transverse process springing from it is longer.” ‘ The length 
of the body is to its greatest breadth as 3:2.” “ The body in the 
second series is rather triangular than rounded in the middle, and 
but slightly compressed.” “In both series the body of the ver- 
tebree is hollowed by a large medullary cavity; the spongy tissue 
exists only at the ends.” “ There is at each side in the lateral 
groove a hole for the passage of nutrient blood-vessels.” 

As regards the outward form of the vertebrae, especially in the 
first series, Deslongchamps’s description and figures show a very 
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close resemblance of their centrum to that of the acknowledged 
trunk-vertebre of Megalosaurus Bucklandi, allowance being made 
for such modification, chiefly reduction of complexity, which in 
every vertebral column is observed in passing from trunk to tail; 
and, further, they are quite applicable to caudals of Megalosaurus 
preserved in public collections. 

With its characteristic tibia and astragalus not distinguishable 
from those of Megalosaurus Bucklandi, and with the extreme simi- 
larity of the form of the vertebrae, what grounds exist for retaining 
the genus Potkilopleuren ? 

The distinctness of Povkilopleuron has been affirmed by Prof. Owen, 
partly on the ground of the greater simplicity of its vertebrae as com- 
pared with those of Megalosawrus, but mainly on the presence of a 
medullary cavity in the body of the vertebra in Potkilopleuron, 
which he did not find present in a caudal of Megalosawrus. As 
regards the former of these reasons, the caudals of Deslongchamps’s 
Porkilopleuron have indubitably a simpler figure than that of the 
trunk-vertebre of Megalosaurus, but not than that of its caudal 
vertebree ; and as regards the second reason, unless the caudal 
ascribed to Meqalosaurus, in which no medullary cavity was found, 
was discovered in such association with other undoubted Megalo- 
saurlan remains as to positively identify it with this Dinosaur (and 
this is not mentioned), I would suggest that the determination must 
be held to be one of probability only, since in the caudals of Croco- 
diles and of the carnivorous Dinosaurs a strong common likeness 
exists. Possibly the question is one which cannot be decided by the 
section of a single vertebral centrum of uncertified origin from a 
part of the vertebral column where generic characters are less 
sharply expressed. That there should be a medullary cayity in 
genuine Megalosaurian caudal vertebree would not be improbable, 
since in the neural arch in trunk-yertebre, and in the sacrum, 
medullary cavities were noticed by the late Prof. Philips in type 
specimens in the Oxford University Museum*. I have myself seen, 
in the collection of G. B. Holmes, Esq., a fine vertebral centrum 
which had the characters commonly assigned to trunk-vertebre of 
Megalosaurus, and in which, when broken across, Mr. Holmes 
found a large hollow space occupying nearly half the length of the 
centrum. It may be objected that this was actually a vertebra of 
Poikiloplewron and not of Megalosaurus. Conceding such a mistaken 
determination, it shows how extremely alike are their vertebrae 
when they cannot be distinguished by their figure. 

The evidence adduced in favour of the generic distinctness of 
Poikilopleuron is, 1 venture to submit, so weak contrasted with that 
in fayour of its identity with Megalosaurus Bucklandi, that I con- 
fidently expect Deslongchamps’s generic name will be discontinued, 
and Poikilopleuron Bucklandi be known in future as Megalosaurus 
Buckland. Had Deslongchamps himself possessed the more abun- 
dant material for a comparison of the Megalosaurian skeleton with 
the remains of his Saurian which are now available, and had the 

* Geol. of Oxford and Thames Valley, by Prof, J. Phillips, p. 206, figs. 2, 3. 
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order Dinosauria been then known as we now know it, I believe his 
sagacity would have quickly seized the order and the place to which 
his Saurian rightly belongs. He knew Megalosaurus only by the 
poor figure of its sacrum in Cuvier’s ‘Ossemens Fossiles,’ and by 
teeth which he mentions had been found near Caen. I may add 
that there is in the British Museum the distai end of the tibia, 
probably from the same district. It once formed part of the Tesson 
collection. 


Since the above Note was written and sent in, Mr. James Parker, 
cf Oxford, the fortunate possessor of a magnificent collection of 
Megalosaurian remains, has most obligingly afforded me the oppor- 
tunity of ascertaining the internal structure of the caudal vertebral 
centrum in this Saurian, by breaking across one in a chain of several, 
which by their close association with other indubitable Megalo- 
saurian remains (teeth, limb-bones, &c.) in which they were found, 
as also by the close correspondence of their facies with these, are 
undoubtedly genuine remains of this Dinosaur. In the interior of 
this caudal centrum is a large medullary cavity (now filled with 
matrix), as in the reputed caudals of Potkilopleuron. With this 
structural agreement the last alleged skeletal fact in support of the 
individuality of Povkilopleuron disappears. 

From Prof. Morris, to whom my warm thanks are due for in- 
formation most kindly given, I learn that some difference of opinion 
exists regarding the position of the Calcaire de Caen. D’Orbigny 
and D’Archiac regarded it as the equivalent of the Great Oolite, 
Deslongchamps as represeuting the Fuller’s Earth. The lists of fossils 
occurring in it, however, Prof. Morris writes, contain some which 
in this country and elsewhere are referred to the Inferior Oolite. 


February 2, 1879. 


EXPLANATION OF PLATE XII. 
Fig. 1. Tibia of Poikiloplewron. Front view of distal end. 1a. Back of same. 
. Astragalus of Poikilopleuron. Front view. This and fig. 1 form pl. vii. 

f. 12 and pl. vi. fig. 3 in Deslongchamps’s memoir. 

. Tibia of Megalosaurus. Front view. Royal College of Surgeons. 
Tibia of Ceteosaurus. Phillips’s ‘Geol. of Oxford.’ 
Tibia of Jgwanodon Mantelli. Front view. Brit. Mus. 
. Tibia of Hadrosaurus. Front view. From Leidy’s ‘Cretaceous Reptiles 
of the United States.’ 
. Tibia of Hyleosaurus. Front view. Brit. Mus. 
. Astragalus of Zgwanodon. In the collection of Dr. H. P. Wilkins. 


Nore 


CO~T Hopes 


Discussion. 


Prof, Sretey felt disposed to doubt from the diagram whether the 
species, at any rate, were identical ; still, as Mr. Hulke had so many 
opportunities of studying the specimen, he thought the identity of 
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the two genera might be received. The tooth figured as that of 
Porkilopleuron by Deslongchamps, he thought, belonged to Pliosawrus, 
so that difference did not militate against Mr. Hulke. Having 
regard to the great range of Megalosaurus from Lias to Wealden, 
he doubted whether different species had not been referred to the 
one M. Buckland. 

Prof. Morris expressed his sense of the value of the paper, and 
said that De Blainville had expressed a similar opinion in 1852. 
Both De Blainyville and Deslongchamps refer the long, conical teeth 
figured by the latter to Poikiloplewron. The geological position of 
the deposits was interesting. The Calcaire de Caen was of disputed 
position, some making it the base of the Great Oolite, others the 
equivalent of the Fuller’s Earth. It, however, contains a series 
of fossils not found in the Fuller’s Earth of this country, but 
characteristic of the Inferior Oolite. The Calcaire de Caen, near 
Bayeux, is a marly limestone, but near Caen it is a compact lime- 
stone. ‘The Saurian bones come from a small band not much more 
than a yard in thickness. 

Mr. Hvzxe said that Deslongchamps states that the tooth he 
figured was an isolated one; there was no proof that it was Pozkilo- 
pleuron; and he himself quite thought it was a Pliosawrus tooth. 
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19. Nores on the Consotrpatep Beach at PrernamsBvuco. By J. CLARKE 
Hawxsuaw, Esq., M.A., F.G.8. (Read January 8, 1879.) 


THE narrow ridge of rock which forms the seaward protection of the 
harbour of Pernambuco, and which appears to be the remains of a 
consolidated beach laid bare by the slow upheaval of the coast, has 
become almost as well worn a subject of discussion as the parallel 
roads of Glen Roy. A drawing was given of it in a Dutch work* 
as early as 1624, and many travellers have since described and 
figured it in their works. It has been called a coral reef, and has 
been described as consisting probably of cretaceous rocks, and it 
was not until after Mr. Darwin had visited it in 1836 that its true 
nature was pointed out by him in a short account printed in the 
* London and Edinburgh Philosophical Magazine’ for 1841. 

The late Prof. Hartt, who has added so much to our knowledge of 
the coast of Brazil, confirms Mr. Darwin’s view as to the nature of 
the reef, and describes several similar formations at various points 
along the coast?. At Porto Seguro there is a consolidated beach 
very similar to that at Pernambuco ; there is also one at Santa Cruz. 
The stone reef shown on the chart at the mouth of the Rio Grande 
do Norte appears to be a consolidated beach, and patches of beach 
rock occur at other places; I saw some undermined by the sea along 
the rocky coast north of Bahia. 

In 1874 I examined the beach at Pernambuco; and in the course 
of some investigations made for Sir John Hawkshaw in the following 
year for a report to the Brazilian Government on the Port of Per- 
nambuco, a number of borings were made in the neighbourhood of 
the reef. Some of these passed through the reef itself, and they 
tend to complete our knowledge as to its extent laterally and beneath 
the surface. 


Section opposite the Marine Arsenal, Pernambuco, at right angles to the “ Reef.” 
(Horizontal scale, 1 inch = 500 feet. Vertical scale, 1 inch = 100 feet.) 


Arsencl Cnmy. 


Beds of Sund 2 Clay 


Difference between high and low water, ordinary spring-tides, 7-3 feet (2:27 metres). 


Briefly described, the consolidated beach (see fig.) consists of a 
ridge of sandstone from 25 to 75 yards broad, and, as shown by the 
borings, from 10 to 15 feet thick. The surface of the rock has a gentle 
slope towards the sea, the higher or landward edge being at the 

* ‘Reys-boeck van het Rycke Brasilien ;’ see ‘Geology and Physical Geography 
of Brazil, by O. F. Hartt p. 434. 

t J. pp. 188, 189, 232. 
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same level as the high water of ordinary spring-tides opposite the 
Arsenal quay, falling from 2 to 3 feet below that level towards the 
lighthouse. Along the outer or sea face le large blocks of the sand- 
stone which have broken off as the reef has been undermined by the 
surf. The river flows along the inner or land face with a velocity 
at the ebb during spring-tides of from five to six knots an hour, and 
the bottom deepens rapidly from this face, there being a depth of 
28 feet at low-water spring-tide at a distance of 60 feet from the 
rock. ‘The rise of the tide at ordinary springs is 7 feet. Shells still 
preserving their colour and rounded quartz pebbles are scattered 
sparingly throughout the rock. The surface is in great part covered 
by a growth of Serpule, Balan, &e., and a calcareous coating de- 
scribed at length by Mr. Darwin. The rock is very hard, yet the 
pebbles which project in places unprotected by the organic covering 
show that it has been worn away by the action of the sea-water 
charged with sand. The organic covering, although softer than the 
rock, may be better able to resist this abrading action. A piece of 
lace when laid on the surface of a piece of glass will effectually pro- 
tect the glass from the disintegrating action of the sand-blast machine, 
the result being that the pattern of the lace will be faithfully repro- 
duced on the glass. 

The surface of the rock is marked by grooves, which have been 
described by Mr. Darwin* as follows:—‘‘There are also many 
sinuous cavities 2 or 3 inches in width and depth, and from 6 inches 
to 2 feet in length. The upper edges of these furrows sometimes 
slightly overhang their sides; they end abruptly, but in a rounded 
form. One of the furrows occasionally branches into two arms, but 
generally they are nearly parallel to each other, and placed in lines 
transverse to the beach sandstone ridge. I know not how to account 
for their origin, without they are formed by the surf, as it daily 
breaks over the bar, washing to and fro pebbles in depressions 
originally only slight. Opposed to this notion is the fact that some 
of them are lined with numerous small living Actinee.” I think the 
explanation suggested above as to the origin of the grooves is the 
true one, but that they were formed under different conditions of 
the reef, that is, when the surface was at a lower level than at 
present, so that the surface of the rock was in one plane with the 
surface of the foreshore. Under the present condition the pebbles, 
which are not abundant on the rock, would not remain long on the 
surface, and the action of the surf broken by the rough edge and 
fallen blocks on the seaward face would be very irregular. On the 
foreshore at Dover I have noticed grooves of a similar description in 
the surface of the chalk which has a regular slope from the base of 
the cliff to low-water mark. ‘These may be seen below the Castle 
Cliff to the eastward of the last groyne in that direction. Beyond 
this groyne, which is a very high one, forming a jetty raised above 
high-water mark for a great part of its length, the foreshore pre- 


* Phil. Mag. vol. xix. 1841, p. 258, and reprinted in Appendix to Darwin’s 
‘ Coral Reefs,’ 2nd edit. 
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sents a very remarkable appearance when seen at the time of low 
water. The whole of the surface between high- and low-water 
mark is scored by a series of grooves parallel to the direction of the 
groyne and transverse to the shore-line. The shore is bare of shingle; 
but pebbles are to be found here and there along the bottom of the 
grooves, and there is a sprinkling of shingle about a yard in width 
along the side of the groyne and along the base of the cliff. The 
grooves on the higher part of the foreshore are from 2 to 24 feet 
deep and about a foot wide ; but lower down the foreshore they soon 
diminish in size, and do not vary much over the greater part of it, 
being from 4 to 5 inches wide, and from 4 to 8 inches deep. They 
are narrower towards the bottom, which is rounded and hollowed 
out more in some parts than in others. They branch into one 
another in places like those at Pernambuco. Though they are 
generally only a few inches apart, occasionally there is a greater 
width of chalk between them; and this is generally marked by an 
incipient groove a foot or two long with rounded ends, as if a piece 
of chalk had been irregularly scooped out with a gouge. ‘The 
grooves diminish in number eastward of the groyne; and I have 
not noticed a similar appearance of the foreshore elsewhere, though 
grooves occur all along the foreshore, but at rare intervals, and are 
caused in many cases, I fancy, as much by the flow of land-water 
from the base of the cliff as by the action of the waves on the 
shingle. I can only attribute the presence of the grooves in such 
numbers at the above place to the regular action of the wash of the 
sea on a small supply of shingle, the groyne acting as a guide to the 
wayes, and also intercepting the west to east drift which prevails 
along the coast. 

It will be seen from the borings made at Pernambuco that there 
is another layer of rock about 8 or 9 feet vertically below the present 
ridge (see fig. p. 239). This rock was met with in two of the borings 
through the reef at depths of 13 and 16 feet below low water of 
spring-tides. Rock is again met with in the same line, and at a 
depth of from 16 to 19 feet below low-water spring-tides, at the 
Barra Grande, about a mile to the north of the lighthouse, which is 
built on the northern end of the reef. Rock was not met with else- 
where in any of the borings made in the neighbourhood of the reef*. 
It would therefore appear possible that there is another ridge of 
rock running at a lower level on the line of the existing reef. Can 
this be a consolidated beach of older date? ‘The difficulty in the 
way of such a conclusion is that it would imply a recent depression 
in the level of the land, of which, I believe, there is no other evi- 
dence. Onthe contrary there are conclusive signs that the coast has 
recently risen in level, and that the southern part of the continent has 
been slowly rising for a long period of time. It would be remarkable, 


* One other boring, made in deep water near the reef, touched on rock near 
the surface; but as no rock was met with in another boring made near the 
same place, the rock met with in the first instance was probably a block detached 
from the reef, 
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moreover, that at two periods, separated by the time required to 
change the level of the coast by the amount recorded in the vertical 
distance between the layers of rock, the conditions required to pro- 
duce the consolidated beach should have obtained in the same place. 

The cementing material of the Pernambuco rock is carbonate of 
lime. ‘The rock is very hard, and when freshly broken it has a 
vitreous look. This is in a measure owing to the grains of quartz 
which with an occasional grain of magnetic iron ore make up the 
whole of the residue after the carbonate of lime has been removed 
by acid, being scarcely rounded, but having the original vitreous 
surface which they had when first liberated by the decomposition of 
the felspar in the gneiss from which they were derived. 

On many parts of the coast of Brazil long ridges of sand occur, 
separated from the land by lagoons. The percolation of land-water 
charged with carbonic acid derived from the decayed vegetable 
matter in these lagoons through the sand ridges will account for 
the formation of the beach-rock, the water taking up and again 
depositing the carbonate of lime of the shells imbedded in the sand. 
The flood-level of the lagoon-water would determine the level of the 
upper surface of the beach-rock; and that of the lower surface 
would be determined by the cessation of the consolidating action at 
the level at which the sand was saturated by sea-water—that is, 
almost low-water level. Thus the regularity of the form of these 
reefs may be explained. 

Consolidated beaches, however, occur in localities where there is 
little or no vegetation or land-water, as on the shore of the Red 
Sea, where I have seen beach-rock enclosing recent shells. So also 
on the Great Barrier reef, on the north-east coast of Australia, con- 
solidated beaches are frequently met with. The sand is there often 
wholly calcareous, and when consolidated forms a very tough rock, 
which has been described by the late Prof. Jukes in his account of 
the voyage of the ‘Fly’*. He attributes the formation of the rock 
on the coral reefs to the action of rain-water dissolving the carbo- 
nate of lime in the upper layer of coral sand and redepositing it 
lower down, the deposition ceasing at the level where the sand 
became saturated with sea-water. Prof. J. D. Dana, who describes 
the consolidated beaches which occur on many coral islands in the 
South Seas, attributes + the consolidation to the alternate wetting 
and drying of the sand by the rise and fall of the tide, the carbonate 
of lime being taken up by the sea-water and redeposited as the 
water evaporates. On some islands he noticed pebbles of basalt 
on the shore, each of which was coated with a white layer of carbo- 
nate of lime. Mr. Darwin saw somewhat similar deposits on the 
Island of Ascensiont. Prof. Dana also describes some drift-sand 
rocks on coral islands where hills of blown sand have been more or 
less consolidated by the agency of infiltrating water, ‘fresh or 
salt.” 


* ‘Voyage of H.M.S. Fly,’ vol. i. p. 128. 
tT ‘Corals and Ooral Islands,’ p, 152. + ‘Voyage of the Beagle,’ p. 588. 
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Thus it appears that beach-rocks are generally formed by the 
deposition of carbonate of lime; but this is not always the case. 
M. A. Papier has described* a rock, formed on the beach near Bona, 
of which the cementing material is a silicate. At that place he 
found sand and fragments of shells, and also a shingle of quartz 
pebbles, consolidated into a hard rock. The sand-rock effervesced 
slightly with acid, owing to the presence of fragments of shells; but 
the shingle-rock, which was exceedingly hard, showed no signs of 
effervescence whatever, and neither the one nor the other was dis- 
integrated by the strongest acids. 

The beach-rock at Pernambuco has probably not been exposed for 
a long period of time, there being unmistakable signs elsewhere of 
a recent elevation of the coast. Nevertheless it is remarkable that 
it should have resisted the sea for so long a time as it is known to 
have done. ‘The port of Pernambuco owes its existence entirely to 
the presence of this narrow har of sandstone. 

Is it possible that these beaches mark periods of repose in the 
slow vertical movements which have occurred within recent times 
in the northern part of South America, as the successive lines of 
inland cliffs which divide the sloping shingle plains of Patagonia in 
almost unbroken lines for hundreds of miles have been shown by 
Mr. Darwin to mark, on a much grander scale, the periods of repose 
during the slow elevation of the southern part of the continent ? 


Discussion. 


Prof. Duncan said that he thought geologists, as a rule, agreed 
that Prof. Dana’s explanation of the formation of coral-rock was 
correct, though there might be exceptional cases. The amount of 
carbonate of lime introduced into these beaches was remarkable. 
The marine vegetation found at the bases of these rocks seemed to 
show that there was a considerable quantity of carbonate of lime 
in the sea-water. He thought, from the specimens on the table, 
that the author was right In assuming an upheaval. With regard 
to the grooves in the Chalk of the Kentish shore, noticed by the 
author, he had observed that waves meeting made lines of greater 
pressure, which seemed to correspond with these grooves. The 
case of the cementation by a silicate mentioned by the author was 
very interesting. 

Sir Jonn Hawxsuaw had examined the reef, and, from its ap- 
pearance, had conjectured it to be thin, which on boring proved to 
be the case. There are along the Brazilian coast, in some places, 
parallel ridges of sand at much the same distance from the shore as 
the reef. These did not appear to be yet solidified ; but, under 
favourable circumstances, they might be. Behind some of these 
ridges were pools of water, in which are found shrimps which are 
different from those found in the adjoining sea, their antenne 


* Bull. de la Soc. Géol, de France, 3° sér. vol. iii. pp. 46-48, 
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being enormously long and their eyes much larger than in those found 
in the sea. The water in these pools was opaque, which might 
have led to the above singular differences. 

The Presipent asked if the author had ascertained the amount of 
carbonate of lime in the consolidated rocks. 

The AvtHor stated that he could not give the amount; but the 
cementing material in the specimens examined was wholly calca- 
reous. Liais states that the cementing material in some of the 
beaches is partly calcareous and partly siliceous. 
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20. On the Triasstc Rocks of Normanpy and their ENVIRONMENTS. 
By W. A. E. Ussuzr, Esq., F.G.S. (Read May 22, 1878.) 


INTRODUCTION. 


Mr. Vicary’s indefatigable zeal in the collection of specimens has 
attracted much attention to the lithological characters and fossil 
contents of the Budleigh pebbles. Being so different from those 
exhibited by Devonshire rocks (within the present limits of the 
country), the attention of geologists was divided between certain 
quartzites on the south coast of Cornwall, at the instigation of Mr. 
Peach, and the Grés de May, advocated by Mr. Salter, as the pro- 
bable source of the pebbles. Mr. Davidson, however, subsequently 
pointed out the preponderance of Devonian forms in the pebbles ; 
with his arguments and the inferences therefrom deduced I have 
dealt elsewhere*. It suffices here merely to state that the settle- 
ment of this vexed question induced me to spend part of my vacation 
in Normandy, after a careful perusal of M. Bonissent’s excellent 
and exhaustive memoir on the Geology of La Manchey; and that, 
from a footnote to Mr. Salter’s paper citing Mr. Godwin-Austen as 
to the occurrence of a similar Triassic quartzite gravel in Normandy, 
and from the personal observations of my friend Mr. Linford to the 
same effect, | was under the impression that the Norman area not 
only formed the south-eastern margin of our Devonshire Triassic 
basin, but that it would also furnish a sequence of deposits equi- 
valent to the Upper and Lower Keuper of Devon, and, owing to 
the proximity of quartzite rocks, would probably afford a much 
greater development of the quartzite gravels which heralded the 
formation of the Keuper in South Devon. 

M. Bonissent is dead, as I learned on my arrival at Carentan, so 
that I was unable to obtain any assistance in the investigation ; 
and this was the more distressing as I am compelled on general 
grounds to dispute a very material observation made by him as to 
the occurrence of Grés bigarré (bunter) at Montebourg. Limited 
time made my own observations so imperfect that I should have 
hesitated to question any assertion made by M. Bonissent, were it 
not that in this instance the absence of any corroborative statement 
renders the matter an open question for solution. 

In the following pages I shall have occasion frequently to quote 
M. Bonissent’s work, which remains a marvel of persevering energy, 
close observation, and exhaustive detail. Nor is it extraordinary 


that amidst so vast a field of labour, the fragmentary exposures of 


the Triassic rocks of La Manche should be relegated to so small a 
space as six pages (pp. 267-272). What I shall endeavour to prove 
* Trans. Dev. Assoc. for. 1877, p. 224. 


_ Tt “Essai Géologique sur le Département de La Manche.” Extrait des Mé- 
moires de la Société des Sciences Naturelles de Cherbourg et d’Avranches, 


Q.J.G.8. No. 138. 8 
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in this paper may be succinctly stated in the four following pro- 
positions :— 

1. That the Triassic rocks of Normandy are a south-easterly pro- 
longation of the Devon and West-Somerset area, and bear somewhat 
the same relation to it as the Marls and Dolomitic Conglomerate of 
the Mendip area. 

2. That Keuper deposits alone are represented in Normandy, and 
apparently only the upper stage of that division. 

3. That from the foregoing considerations &c. there are strong 
grounds for concluding that fragments of the Norman paleeozoic rocks 
were never incorporated in the Triassic strata of Devonshire. 

4. That the constitution of the coasts of Normandy, Devon, and 
Cornwall is such as to justify the belief that varieties of Cambrian, 
Silurian, Devonian, and granitic rocks formed the bed of the 
Triassic waters in the area now occupied by the English Channel, 
and that to these sources fragments in the Trias of Devon, foreign 
to its soil, are to be attributed. 

The grounds on which I venture to propound these statements 
being, in many instances, common to more than one of them, it is not 
possible in every case to deal with the evidence for the propositions 
seriatim, without including under one head arguments applicable to 
others. 


First Proposition. 


The first proposition does not admit of positive proof, but is put 
forth on the strength of certain considerations and analogies, as 
follows:—First. The thickness of the Trias, with few local ex- 
ceptions, steadily increases from the Mendip area southward till its 
maximum, so far as can be observed, is attained on the South-Devon 
coast; so that it is likely that the prolongation of the formation 
would exhibit a still greater development in the area of the English 
Channel. 

Secondly. Fragments derived from sources foreign to Devon and 
Somerset appear in the gravelly beds of the Trias near the southern 
shores of the former county, preponderating at the expense of lecal 
materials from about twenty miles inland, till, on reaching the sea- 
board, 2 maximum increasé is exhibited. This seems to favour the 
idea that Triassic sediments not only extended far into the Channel 
area, but were there to a great extent formed from rocks different in 
character from those met with in Devon, and, in some cases, of older 
date than any to be found in the south-western counties. As, from 
the Budleigh-Salterton pebbles, we must conclude that Silurian and 
Devonian quartzites (and, not improbably, Cambrian strata) fur- 
nished material, either directly or, in part, in the form of paleozoic 
conglomerates *, one not unnaturally turns in the direction of the 
nearest land where similar rocks occur, not necessarily in the hope 
of finding a direct source, but of obtaining indices of the proximity 
of similar sources in the bed of the intervening Channel. Hence, 


* Mr. H. B. Woodward suggests that a conglomerate of Devonian age would 
furnish the requisite material. 
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finding some rocks in Normandy identical in lithological characters, 
and accompanied by beds of Triassic age, I am led to infer that the 
Triassic strata of France and England were connected, and that 
the French Paleozoic rocks stretched far into the Channel from the 
Norman coast. 

Thirdly. As the Mendip area acted as a barrier between the mid- 
land and south-western counties until the Upper Keuper waters of 
both were united, there is no reason for supposing that a similar 
extension may not have caused the union of the Trias of England 
and France, even though a barrier existed in Normandy representing 
the extreme south-eastern margin of the English Trias. Points of 
analogy are furnished by the local variations of the attenuated sedi- 
ments in both areas, namely, in the Dolomitic Conglomerate of the 
Mendips and the small quartzite gravels of Normandy. 


Second Proposition. 


The second proposition brings me to the facts of this paper, 
namely, the actual nature of the Norman Trias and its environments. 
I shall only deal at length with the department of La Manche, as 
the major part of the Trias is contained within its limits, and as 
the same rocks in Calvados, directly subjacent to the Infralias, 
and dotted by its outliers, would furnish very little additional 
evidence. 

La Manche is divided into two distinct physical regions :—The 
Bocage, a plateau between Granville and Villedieu, from 490 to 650 
feet above the sea, formed of granitoid rocks, grits, and diverse schists, 
stretching to the north of the peninsula; and the Cotentin, only from 
80 to 100 feet above the sea, which includes the rich country between 
Valognes and Le Petit Vey, called “the Gulf of Cotentin,” where 
formations from the Coal-measures up to Recent beds are found resting 
on more ancient rocks whose summits may be seen here and there*. 

«The secondary area is bounded on the east by the sea, on the 
north by Cambrian and Devonian rocks, on the west by Devonian, 
Silurian, and (in one place) Carboniferous strata, and on the south 
by Cambrian rocks ;” “itis composed of Triassic, Liassic, Cretaceous, 
Tertiary, and Recent formations+,” to which we may add the Oolites 
of Calvados. In La Manche the Secondary area may be roughly 
estimated at 380 square miles; of this, however, a considerable 
portion consists of alluvial flats; and the Triassic rocks, where un- 
covered by the Infralias, are seldom visible, owing to the thickness 
and extent of the diluvium; the Triassic districts lie towards the 
north, west, and south of the Secondary area, and extend nearly 
as far as Bayeux in the department of Calvados. The '{rias is com- 
posed of quartzite eravels and conglomerates, sandstones, rock-sand, 
and marls. ‘The distribution of these components seems to have 
been much influenced by proximity to local and variable sources of 
The absence of any detailed section of the deposits from 


supply. | 
top to hase renders even the assignment of a general order of suc- 
* Bonissent, op. cit. p. 6. ‘t Lbid. p. 264. 
82 
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cession doubtful. In La Manche gravels and sandstones seem to be 
generally uppermost. 

Commencing in the north of the district with Valognes as a 
starting-point, the succeeding sections will show how inconsiderable 
is the thickness of the Trias in that part of the area. 

Section I. (fig. 1). From Valognes by Huberville and St. Martin 
d Audouyille to Crasville-—The town of Valognes is situated on Infra- 
lias limestones, exposed in quarries in some places to a depth of 40 feet. 
The first valley, crossing the road along which the section is taken, 
exposes whitish sand under greenish marl, mottled with red, overlain 
by Infralias, which appears to be the subsoil nearly as far as the turn- 
ing to St. Germain-de-Tournebut. In quarries near Huberville the 
Pecten-valoniensis beds are present; the rock presents a somewhat 
concretionary structure and rubbly bedding; it is overlain by dilu- 
vium 10 feet thick, consisting of drab and brown sandy clay, with 
occasional quartzite pebbles and fragments of the subjacent rock. 
Another set of quarries, further east, show 5 feet of similar diluyium 
on 8 feet of Infralias, composed of :— 

1. Thin rubbly limestones overlain by diluvium. 

2. Whitish and grey limestones. 

3. Grey shaly clay and tough impure yellowish and grey lme- 

stones. 
The beds appear to be horizontal. Pecten valoniensis is present. 
The next valley toward St. Germain-de-Tournebut may have been 
cut through to the Trias, if traces of greenish and bluish-grey clay 
can be taken as evidence of the proximity of that formation. Near 
the turning to St. Germain-de-Tournebut, gravel of quartzite and 
erit pebbles in coarse yellowish-brown sand, apparently in part 
composed of flint, covers the surface ; toward St. Martin d’Audouville 
this gravel gives place to gravel of irregular quartzite and quartz 
pebbles, generally small, but occasionally of fair size, in coarse yel- 
lowish-brown sand, in parts of which the pebbles are very sparsely 
disseminated. ‘The distribution of these materials is as perfect an 
index of bedding as that exhibited by many of the pebble-bed sections 
in Devonshire. 

I regard the bedded gravel as Triassic, and that previously men- 
tioned as composed of redistributed material, for the following reasons: 
—First. Silurian quartzites are exposed at the surface not far to the 
southward, and pebbles of quartzite occur in the drifts covering the 
Infralias, which are probably represented by the first-mentioned 
gravel near St. Germain-de-Tournebut. Secondly. The bedded gravel 
occurs in a place where Trias might be expected ; for, had the Infra- 
lias continued beyond the turning to St. Germain-de-Tournebut, one 
would expect to find less quartzite and more local fragments in the 
overlying drifts. Thirdly. From the proximity of Silurian quart- 
zites the Triassic beds might naturally be expected to take the form 
of gravels, and the drift upon them to be largely composed of their 
redistributed materials, as if directly derived from the Silurian the 
pebbles would be less worn. 

By the Chemin Vicinal, south of St. Martin d’Audouyille, gravel 
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Drift (Diluvium). Infralias. 


Fig. 1.—Section from Valognes by Huberville and St. Martin d Audowille to Crasville. 
(Horizontal scale, 1 inch = 1025 metres = 1121 yards. Relative sketch contours, 1 inch = 400 feet vertical.) 
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(apparently a redistribution of the Trias) is overlain by coarse buff 
quartzose sand, with patches of bluish lead-coloured clay in places. 
The whole seems to attain a thickness little short of 100 feet. The 
clay may haye resulted from the destruction of Infraliassic outliers. 

On ascending the hill from St. Martin d’Audouville toward Octe- 
ville a similar dark-coloured clay is irregularly associated with sand 
and gravel, the whole being overlain by brownish earthy diluvium 
covering the high ground. These deposits appear to me to represent 
the Diluviwm gris and rouge respectively. : 

Toward Octeville, with the descent of the ground, a yellowish- 
brown quartzite gravel makes its appearance, being exposed near 
the village to a depth of 10 feet. Proceeding from Octeville (la 
Venelle) to Crasville, similar quartzite gravel associated with sand 
is exposed to a depth of 15 feet; on the further side of the valley 
the gravel is associated with buff sand, and seems to rest on the 
Paleozoic rocks which are exposed in quarries at Crasville and at 
about a quarter of a mile to the north of it. From the presence of 
an Infraliassic outlier at Octeville*, I regard these gravels, as well 
as those near St. Martin d’Audouville, as the uppermost beds of the 
Trias. 

By the road leading south-east from Octeville, within a quarter 
of a mile of the village, brown gravel, either Trias in situ or 
redeposited, overlies red and grey marl resting on whitish rock- 
sand, overlying, and apparently passing into, quartzite gravel in buff 
sand exposed in a pit to the depth of 10 feet. 

Quitting this read and following a by-lane leading southward, 
parallel to the stream (towards Lestre), Triassic rocks appear to be 
subjacent, faint indications of quartzite gravels and marl being some- 
times met with in the loamy drift-soil. By the road to Lestre, 
which crosses this stream, and at a point about 500 yards from the 
village, the Trias appears to be represented by coarse whitish sand- 
rock with occasional small pebbles and quartzite gravel. 

On the south-east of the village, by a semicircular by-lane, a 
quarry, 6 feet in depth, exposes irregular rubbly beds of greyish 
marlstone with carbonate of lime disseminated throughout; the rock 
seems to be quite devoid of fossils, and weathers in rugged corruga- 
tions. : 

This variety of the Trias appears to be very local, and not much 
to exceed the exposed 6 feet in thickness. 

It is mentioned by M. Bonissent, who described the Lias of Lestret, 
as follows :—‘‘ Here calcareous greyish quartzose sandstones appear 
under the Diluyium; they are often red or amaranthine in colour, 
micaceous, and more or less solid, sometimes friable: they rest on a 
compact limestone of violet, reddish, and yellowish hues. In some 
of these rocks, particularly where the calcareous element predomi- 
nates, little geodes lined with white crystals of carbonate of lime 
occur; the rocks are often full of cavities giving them the aspect of 

* “Ties petits ilots de Videcosville, Octeyille la Venelle et St. Germain-de- 


Tournebut voisins du massif de Valognes,”’ Bonissent, op. cit. p. 275. 
+ Bonissent, loc. cit. p. 267. 
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a cavernous millstone.” From this it appears that the Lestre marl- 
stone underlies the sand-rock and gravel previously noticed. 

Speaking of the Intralias of Valoenes and Yvetot, M. Bonissent 
says*, “The last bed, called ‘ marlicre’ by the quarrymen, is com- 
posed of greyish limestone feebly cellular, unfossiliferous, and of 
crystalline texture.” I quote this, as it appears from the descrip- 
tion to present much analogy to the rock just described at Lestre. 

Section II. (fig. 2).—Returning to Valognes and following the 
highroad thence to Pont-a-la-Vieille (in the direction of Cherbourg), 
the Trias crops out from beneath the Infralias at about 1100 yards 
from Valognes. The scanty surface-evidence seemed to indicate marls 
under the brown diluyial soil, but so feebly that it may be only a bed in 
or on sandstone. Approaching Pont-a-la- Vieille, the base of the Trias 
resting on Devonian schists appears to consist of whitish sands. M. 
Bonissent mentions 7 the occurrence of white (pelygénique) calcareous 
sandstones resting on compact, violet, reddish, greyish, and yellowish 
limestone at Pont-a-la-Vieille, Fosse Prémesnil, and Croix Morville ; 
the latter localities Iwas unable to find. This.shows, however, that 
in the north of the area marlstones were not unfrequently amongst 
the earliest Triassic sediments deposited, probably owing to the local 
development of Paleozoic limestones. 

Proceeding from Valognes westward to the viaduct of Pont-de-Six, 
north of Négreville, hard whitish calcareous sandstones are shown in 
a pit near the railway-station. M. Bonissent says that fine-grained 
very solid calcareous sandstones mottled with various tints are shown 
at Valognes. As Infralias is extensively quarried near Valognes 
Station, the beds immediately underlying it would appear to be are- 
naceous, possibly separated from it by a thin stratum of mar]: on 
the whole, howeyer, I am inclined to regard the lithological varie- 
ties of the Trias of the Valognes district as interchangeable. 

Section III. (fig. 3).—By the road to Pont-de-Six, at about a mile and 
a quarter from its junction with the Infralias of Valognes, the Trias 
consists of gravel and sand exposed in an extensive, though shallow, 
pit on the south side of the road. Subjoined (fig. 4) is a section of 
one part of the pit where it is 44 feet in depth. In other parts of 
the pit the gravel is faise-bedded, containing incipient bedding- 
courses of sand or pebbles; it appears to rest on sand, and in parts 
to be replaced by it. Taking all parts of the pit together, about 
15 feet of gravel and sand are exposed. ‘The character of the whole 
forcibly reminded me of sections of the Devon pebble-beds near 
Aylesbeare, Tallaton, and Kentisbere, where the larger pebbles are 
absent, the irregular association of sand, incipient indications of 
bedding, occasional false-bedding, and in many cases similar light 
tints being common to both; but the analogy ceases here, as the 
Devon beds occupy a much lower horizon than those of Normandy. 

Although very unsatisfactory, the evidence obtained in proceeding 


from the gravel-pits towards Pont-de-Six leads me to regard the 


subjacent rock as marl upon which traces of gravel, Triassic or deri- 
vative, seem to rest in one or two places. 
* Op. cit. p. 276. t+ P. 267, 1 P. 267, 
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In the railway-cutting at Pont-de-Six about 15 feet of whitish 
sandstone forms the base of the Trias upon the older rocks. M. 
Bonissent* mentions the occurrence of a limestone, sometimes frag- 
mentary, sometimes solid, at Pont-de-Six exhibiting very vivid and 
various tints, and regarded by him as identical with the limestone of 
Fosse Prémesnil. Consequently limestone or marlstone seems to 
occur in the Trias near its western margin, from Pont-a-la- Vieille 
to Pont-de-Six; and still further, if La Croix Morville (where a 
similar bed has been noticed) lies within Morville (an adjacent com- 
mune to Négreville on the south-east), or is a synonym for La Croix 
des Auneys of the same neighbourhood in the commune of Magne- 
ville. Southward from Valognes to Lieusaint, where an inlier of 
Silurian rock occurs, the Trias near its junction with the Infralias, 
judging from indications by the railway, appears to consist of marls 
and whitish sandstone, the latter probably uppermost. 

By the highroad from Valognes to Montebourg drifts conceal the 
subjacent rock. Between St. Cyr and Montebourg Silurian quartzite 
is exposed in a quarry by the highroad, forming the corner of a 
large inlier extending thence to Quinnéville on the eastcoast. Near 
its junction with the Silurian on the north of Montebourg the Trias 
appears to consist of marl. Near Montebourg, by the highroad to 
Carentan, yellowish-brown sandy soil with quartzite pebbles covers 
the surface, being probably to a great extent a redeposit of Triassic 
sands and gravels which may be concealed by it. 

Section LY. (fig. 4).—By the road from Montebourg to Le Ham 
Station, near the former, beds of coarse light brownish sand-rock dip 
to the north at a small angle. At Eroudeville a pit by the road shows 
8 feet of coarse yellowish-brown sand with small irregular quartzite 
pebbles exhibiting traces of bedding. A similar gravel, as I was in- 
formed, is worked near St. Cyr ; indications of it were noticed at about 
1100 yards to the south of Hroudeville: from this point to Le Ham 
Station no evidence is obtainable, owing to the covering of drift-soil. 
At Le Ham Station, however, red marl is exposed very near the 
Infraliassic junction. Proceeding along the railway from Le Ham 
toward Flottemanville, whitish sand-rock, apparently Triassic, is 
exposed in one or two places. [rom these observations I am in- 
clined to regard the Trias of Montebourg and Valognes as occurring 
in the following descending order :— 


1. Thin deposit of red marl under Infralias. 
2. Whitish sands passing into, or replaced by, pebble-gravels. 
3. Red marls, possibly alternating with, and resting on, sandstones. 


M. Bonissent, however, who had much more ample opportunities 
of studying the district, states} ‘“‘ that the grés bigarré rests on in- 
clined Silurian rocks at Montebourg, and disappears in other direc- 
tions beneath the Keuper and Lias.” He describes it as composed 
of yery fine and medium-grained métavites (an untranslatable term 
likewise applied to a variety of Cambrian rocks, p. 136; a species of 
sand or sandstone is meant) alternating with thin beds of whitish 


* Op. cit. pp. 267, 268. t P. 266. 
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and greenish clay. In the upper part the rock sometimes passes 
into a quartzose puddingstone. Its structure is often massive in the 
lower beds, sometimes becoming shaly toward the surface. The 
sandstones (métaaites) are slightly micaceous, of a dirty white colour, 
very rarely exhibiting rose-coloured or bluish tints. No traces of 
animal remains were obtained ; but fragments of petrified trees were 
found lying horizontally in the middle of the sandstones (métaziées) 
in the commune of Hroudeville near Montebourg; they measured 
from about 6 to 10 metres* in length by 20 centimetres to 6 deci- 
metres t in diameter: the species were indeterminable. 

If these beds are really Bunter, a very great unconformity, elimi- 
nating not only the Muschelkalk (calcaire coquilliere) or its equi- 
valent, but also the whole of the lower and much of the upper 
Keuper series, could alone account for its occurrence. I think, how- 
ever, that the correlation can be successfully disputed upon the fol- 
lowing grounds :— 

First. The thinness of the Trias at Montebourg, ‘as the distance 
from the Infraliassic margin on the south to bare Silurian rocks on 
the north does not exceed 3 kilometres (3300 yards). 

Secondly. The similarity of the deposits to those already described 
in the neighbourhood of Yalognes, and hereafter to be noticed in the 
environs of Carentan. 

Thirdly. The impossibility of drawing hard lithological boundaries 
in a district where the constitution of the beds is so variable from 
local derivation, as M, Bonissent’s observations prove the Keuper de- 
posits to be. 

Fourthly. The absence of all mention of unconformability in M. 
Bonissent’s account. 

Fifthly. The excessive improbability of the existence of uncon- 
formity in the attenuated Triassic rocks of Normandy, and the 
absence of any circumstances favourable to its occurrence in the 
neighbourhood of Montebourg. 

At Mont Busnon in St. Cyr branches of trees were discovered 
in diluvium covering “ New Red Sandstone (Keuper)’f. It is a 
curious coincidence that arboreal remains should occur in the same 
district both in diluvium and Trias. I did not visit the Triassic 
districts on the west of the railway between Négreville and Ca- 
rentan. The fragmentary nature of the exposures of the Trias of 
that neighbourhood may be gleaned from the following. 

Between Urville and Orglandes, at Cauquigny, Picauville, and from 
Cretteville to Baupte, the Trias is covered by Infralias§. At Gour- 
besville, Orglandes, Hauteville, Biniville, and Reigneyille Cretaceou 
deposits occur, and rest directly on Paleeozoic rocks at Néhou, Golle- 
ville, La Bonneville, and Crosyille ||. Eocene beds are spread over 
the communes of Gourbesville, Hauteville, St. Colombe, Néhou, 
Reigneyille, Crosville, and La Bonneville: Lower Miocene is repre- 
sented at Rauville-la-Place, and Upper Miocene in the communes of 

* Roughly speaking, from 20 to 33 feet. 
+ Roughly speaking, from 8 inches to 2 feet. 
t Bonissent, op. cit. pp. 393, 394, § Lb. p. 275. || 20. p. 810, &e, 
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Gorges, Gomfreville, Nay, St. Germain le Vicomte, Bohons, St. Eny, 
and Auxais. Pliocene marls occur at Marchesieux, Feugéres, and 
St. Martin d’Aubigny*. Dilvvium is developed at Raids and St. 
Sauveur (Le Vicomte) sur Douve’; it covers all the communes on 
the west bank of the river Elle, Beuzeyille les Veys, and Brevands ; 
and occurs at Dézert and St. Jean de Daiet. On the south and 
west of Carentan, the plateau cf Anvers, Méautis, the Bohons, and 
St. Eny is covered by diluvium which descends the slopes to the 
marshes (alluvium) of the river Taute. In this district it is said§ to 
be from 330 to 1640 feet thick (100 to 500 metres). 

As diluvium also occurs at St. Jores, Vindefontaine, Etienville, 
Picauville, Rauville-la-Place, and other localities, the evidence of 
Trias in this part of the area must be very meagre indeed. 

I will now proceed to quote all the facts mentioned in M. Bonis-~ 
sent’s work with reference to the occurrence of the Trias in this 
complicated area. 

Approaching l’Etang-Bertrand the Devonian is visible hera and 
there beneath the rolled stones of the Keuper ; from this hamlet it 
follows both banks of the river Douve, returning by the right bank 
towards the farm of Banoville, &c., after having previously traversed 
Rouge Bouillon and Loraille in Bricquebee and Négreville, but in 
this course it is often hidden under the Marnes irisées ||. 

The next notice] of Triassic deposits is at a considerable distance 
to the south of the above. Going from Périers to Pont Labbé 
reddish or lilac clays of the Trias, alternating with clays of a whitish 
or greyish hue, have been observed at St. Germain le Campagne 
(le Petit) south of Plessis. At Nay, on the road to Périers, and 
near a windmill and watermill, a reddish-brown quartziferous and 
calcareous rock, belonging to the Trias, covered by pebbles and red 
marls (redeposits of the same formation), was discovered under the 
Pliocene formation*™. 

Raids Church is on Diluvium ; but in following a small tributary 
of the river Séve for some distance from it Trias was met with, 
represented by sandstones alternating with shaly marls, both being 
mottled red and greenish. 

From these observations it would appear that the Trias of this 
part of the area is composed of the same general sediments as elso- 
where, but varying a little in character and mode of arrangement 
from local causes. 

District South of Carentan.—Near the church of St. Eny ty, in the 
ae of St. Georges de Bohon, and at the farm of La Joubar- 
diére tt, near Carentan, the diluvium does not appear to have been 
penetrated in wells sunk to a depth of nearly 33 feet; but in these 
localities $§ it descends from the hill-top to the marshes of the rivers 
Taute, Douve, Séve, and their tributaries. Nevertheless whitish 
and ereyish sandstones, sometimes calcareous, were noticed by 
M. Bonissent to the south of Carentan |||/, and considered by him to 


* Bonissent, op. cit. p. 323, &e. t Jb. p. 383. t J. p. 887. 
§ Jb. pp. 389, 390, || Zo. p. 248. q 2b. p. 260. #* Tp, p- 268. 
tt Jd. p.391. tt Jd. p.390, §§ Jd. p. 389, ||| 20. p. 269. 
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be continuous with similar beds in Carentan canal, and analogous 
to those under the Diluvium in the commune of Lestre*, i 

Carentan is built for the most part on diluvial débris, which nearly 
everywhere covers the Keuper; some houses are, however, situated 
on Keuper rocks, which in places stain the soil. Reddish and erey 
or whitish and calcareous, sandstones are frequently visible in anit 
spots. They contain mica and débris of rose-tinted felspar, and 
are for the most part stained by red marls. Under these lies a 
conglomerate, composed of a calcareous sandy clay paste enclosing 
fragments of red or greenish marls, quartz, quartzite, and various 
other rocks. This conglomerate sometimes assumes a slightly honey- 
combed (lit. rotten) appearance, where the marl fragments have 
been dissolved out of their cavities. These different rocks constitute 
the bottom and sides of the canal which leads from the port to the 
seay. 
In walling Carentan quay basin in 1845 a hard white rock was 
encountered under about 26 feet of alluvial and estuarine deposits 
associated with peatt; though not further commented on, it appears 
as if the Trias had been reached. 

I was unable to find the locality of the quarries of l’Eau Parti: 
it is probably somewhere near the confluence of the streams on the 
south and east of Carentan. The following section of the quarries 


is given by Bonissent § :— 
1. Gravel and clays, old alluvia. 
2. Quartzo-calcareous (polygénique) puddingstone with feeble traces of manga- 


nese. 


3. Hard red marl mottled white. 
Under the puddingstone a greyish sandstone, sometimes slightly calca- 


reous, is visible. 
4. Caleareous (polygénique) sandstone. 
5. Very solid, hard red marl. 

To the east of Carentan the Keuper is well developed in the 
communes of St. Hilaire, Catz, Beuzeville-les-Veys, &c. It is repre- 
sented to a depth varying from about 3 to 65 feet by very compact 
greyish (polygénique) calcareous sandstone and conglomerate quarried 
for building-purposes ||. In the quarries of Chapelle St. Nicholas 
(Beuzeville-les-Veys) very compact variegated Keuper marls, some- 
times shaly, are overlain by grey diluvium of pebbles and sand. 
At a place called Le Cavé, to the east of the church of the commune 
of Catz the same compact greyish calcareous sandstone above men- 
tioned occurs. 

M. Bonissent remarks** that of all the localities he had visited 
the succession of the Keuper beds can be inferred only from the 
quarries of Montmartin en Graignes, worked for building-purposes 
from time immemorial. At Carentan, judging from inquiries made 
on the spot, these quarries appear to be almost unknown. I only 
succeeded in finding a few shallow pits by repeated inquiries at the 
I cannot believe that M. Bonissent’s section was 


* Bonissent, op. cit. p. 267. t Jb. p. 268. t Lb. p. 412. § Jb. p. 269. 
|| 26. p. 269. 4 Jb. p. 387. ** J. p. 269. 
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taken from these pits, but think that the quarries have been disused, 
and may be situated at or near the village of Montmartin-en- 
Graignes, whilst those I visited are more than two miles to the 
westward of it, near the hamlet of Le Cap. 

Of the four pits noticed in the last-named locality, one gives the 
following section (fig. 6) :— 


Fig. 6.—Sand-pit near Le Cap in Montmartin-en-Graiqnes. 
(Scale, 1 inch = 20 feet.) 


IS 


ASS 


G G. Brown loam with irregular pebbles of quartzite and grit dispersed 
throughout. 

a a. Greenish sand-bed. 

b 6. Tough, coarse-grained, whitish sandstone, with occasional pebbles often of 
clayey material. 


The beds are displaced by a fault with a downthrow of about 
6 feet, also affecting the diluvium. 


Another pit shows :— 


2 feet of red and grey clay, with sandy concretions, on light greenish sandstones 
of unequal durability, the harder portions exhibiting more even bedding ; 
exposed to a depth of 8 feet. 


Of the two remaining pits, one exhibits the following section, 
about 20 feet in depth :— 
1. Soil with pebbles. 
2. Ochre and grey-coloured sand with concretions of a conglomeratic character. 


3. Light greenish-grey, coarse, tough sandstones, containing a marly seam near 
the base of the section. 


Not far to the westward of the above pits, a well in course of 
construction in a farmyard, at the hamlet of Le Cap, showed red 
marls by its sides as far as visible, and the stuff thrown out and 
piled round its mouth was of the same character. The surface soil 
was sandy. The workmen informed me that 60 feet had been sunk 
through the marls without bottoming them. In a field adjoining, 
about 3 feet of loose surface sand of a greyish colour was observed, 
probably the redistributed relics of sand-beds on the marls, and 
formerly continuous with those exposed in the pits; so that the 
latter appear to rest directly on marls or to pass into them through 
dovetailing or intercalation. 

In the lane to Deville, a hamlet near Le Cap, reddish and brown 
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sand-rock is exposed; its junction with the marls of Le Cap is not 
shown, but it appears to rest upon them at Deville. 

To the north of Deville 14 feet of gravel are exposed in a pit; it 
consists of irregular quartzite pebbles, mostly small, exhibiting in 
places a rough indication of bedding, in the arrangement of the 
stones in lenticular seams with regard to gravity. In one part of 
the pit an irregular seam of grey sand is shown. The matrix of the 
gravel is a reddish-brown loam, earthy, and with fewer stones in 
the upper part. I cannot tell whether this gravel is of Triassic age 
or a redeposit of subjacent or preexistent Triassic gravels. In either 
case it seems to show that in this, as in other parts of the area, 
gravel formed part of the latest Triassic deposits. 

At Clist Williams Farm and the Blue Anchor Inn, north of Tal- 
laton, in Devon, gravels with argillaceous matrices rest on the lower 
marls (or Middle Trias). In general character the pit sections are 
very similar to that at Deville, and the same uncertainty prevails as 
to whether they are redeposited Trias or in situ. 

The following is M. Bonissent’s section * of the general succession 
of beds in the quarries of Montmartin-en-Graignes (the first seven 
beds are referred to the diluvium) :— 


1. Yellowish or whitish fine-grained sand, alternating with rolled stones of 
yarious sizes. 

2. Conglomerate with siliceous matrix. 

3. Reddish, greenish, or white-and-yellow mottled clays, with or without rolled 
stones. 

. Compact marls of various colours with occasional veins of yellowish-white 
sand. 

. Whitish micaceous sands. 

. Fragmentary Magnesian Limestone of various colours. 

. Sands and clays, 


~I OD St bs 


Below this, divesting the section of all minutiwe, the general 
succession would be :— 


8, Conglomerates, occasionally very caicareous in the upper parts. 
9. Grey calcareous sandstones. 
10. Light-coloured sandstones, partly calcareous, occasionally conglomeratic. 
11. Hard marls, red, or banded with other tints, containing in the lower part 
impure limestones. 


The thickness of the whole section is about from 77 to 80 metres 
(roughly 250 to 260 feet). 

Although cumbered with minute description, this section is very 
unsatisfactory in essential points. We are not told how much of the 
77 to 80 metres is taken up by the diluvial deposits ; and judging 
from their thickness on the south of Carentan, no more than 60 feet 
of Trias may be described. 

The relative thicknesses of the conglomerates, sandstones, and 
marls, particularly of the latter, have been unfortunately omitted. 

Department of Calvados.——Judging from Knipe’s geological map, 
the Trias does not extend more than five miles into Calvados from 
Littry—that is, for about fourteen miles eastward of the confines 


* Bonissent, op. cit. pp. 269-271. 
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of La Manche, near Beuzeville-les-Veys and Montmartin-en- 
Graignes. In this extension it is bounded on the north by Liassic 
districts, and on the south by the Paleozoic area. Knipe’s map 
gives its breadth, south from Isigny, as nearly six miles, and north 
of Littry as nearly three miles; on the west of Littry two (Infra) 
Liassic outliers are shown; and three, apparently Carboniferous, 
inliers are indicated between the same village and Trévicres to the 
north of it (some miles off). 

I drove out from Bayeux for fourteen kilometres along the road 
to St. Lo, stopping to examine all the sections visible en route; then 
turning northward, returned to Bayeux by a road nearly parallel to 
the railway on the north side, having almost crossed the Triassic 
area from south to north. The following are the observations made 
in this circuit:—On the road to St. Lo, near Sables, a large quarry 
exposed (Infralias) limestones, whitish and arenaceous in the upper, 
bluish and even-bedded in the lower part of the quarry, and alter- 
nating with thick beds of dark bluish clay. 

In a small pit near the hamlet of Agy red marly clay mottled 
with grey, apparently the soil of Triassic marls, seemed to be faulted 
against Lias. 

By the road from Bayeux to St. Jean de Daie, on the north side 
of the road, at a point to the north of Campigny, 12 feet of soft buff 
sand with small quartzite pebbles was noticed; chalk or decomposed 
flint appeared to be amongst the ingredients. Near this a pit by the 
road displayed about 15 feet of buff and yellowish sand, stained 
reddish by ferruginous infiltration in irregular bands; no pebbles or 
coarse materials were present. ‘The section strongly reminded me 
of some Upper-Greensand exposures on the Blackdown Hills. This 
sand may possibly be of Triassic age, or a redeposit of Triassic sands, 
though both sections might be referred to the grey diluvium of La 
Manche in the absence of corroborative evidence. 

In an extensive brick- and tile-yard to the south of the railway, 
near La Mine, I recognized a large pit of marls, red, with greenish mot- 
tling, and passing upwards into asandy clay used for the manufacture 
the bricks and tiles, and just the same in character as the upper 
marls of Somerset in the brick-pits of Taunton and Wellington. 
This marl seemed to rest on the Paleozoic rocks of the valley of the 
river Merdillon, which are Carboniferous, according to Knipe. 

From this point northward the ground descends to extensive 
flattish alluvial tracts concealing much of the Triassic area to the 
north of the railway. 

The road to Bayeux, to the north of Saon, appears to be covered 
by diluvium, apparently in part resulting from the redeposit of 
Triassic gravels and marls, and containing fragments of flint towards 
Bayeux. 

Mr. Linford, of Exeter, to whom I am much indebted for verbal 
information, copied out and sent me all the extracts bearing on my 
subject from a correspondence he had kept up with a friend at Caen. 
From these I select the following notes :— 

Deposit of May gravel near Evrecy, where it is capped by Lias.” 
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“This gravel resembles in every particular the beds between Tam- 
worth and Lichfield (Warwick) laid down by Murchison as Dolomitic 
Conglomerate.” “ We have no gravel-beds near Caen, nor even near 
May.” 

aM. de Caumont says the Evrecy beds belong to the upper part 
of the New Red Sandstone, and have great development in the 
Cotentin.” 

I have traversed the country on foot from Caen to Evrecy, thence 
to May, and back to Caen without finding any indication of Trias. 
Eyrecy is on the Oolites. 

The locality specified as “near” it may be some miles off, Knipe’s 
map being worthless, except as a general index of the lie of the 
rocks. The note is important as bearing on the probable termina- 
tion of the Trias eastward, and as confirmatory of the idea that the 
sands to the north of Campigny were derived from Triassic sands 
underlying pebble gravels near Kvrecy, and overlying marls towards 
La Mine. 

The foregoing quotations and observations lead to the following 
inferences :— 

First. That the Trias of Normandy is much more variable than 
its equivalent in Devon and Somerset, owing to the greater variety 
of Paleozoic rocks furnishing its materials. For instance, Silurian 
and Cambrian quartzites would afford material for gravels and 
conglomerates ; the further comminution of the same strata with 
their associated slates and schists and Devonian grits &c. would 
produce the sandstones and sands, becoming more or less calcareous, 
and locally exhibiting the characters of a limestone, according to the 
local prevalence of Palzeozoic limestones, as, for instance, the Cam- 
brian limestones of St. Clair, St. Jean de Daie, Meauffe, Bahais, 
Cavigny, Airel, &c., all lying to the south of Carentan. The further 
comminution of schists, slates, shales, and limestones would favour 
the deposition of marls. 

Secondly. The general sequence of deposits appears to be pebble- 
beds and conglomerates, passing into and resting on sandstones, 
generally overlying marls, the latter being locally developed on 
different horizons, or, in other words, the constituents of the Trias 
being interchangeable. 

Thirdly. The relations of the deposits bear some analogy to the 
marls and dolomitic conglomerates of the Mendip area on the one 
hand, and to the feeble traces of Upper Keuper Sandstone in the 
vale of Taunton and elsewhere on the other; but they exhibit more 
successional arrangement than the former, and an excess of the con- 
ditions which led to the deposition of the latter. 

I have hitherto confined myself to the descriptive portion of the 
second proposition; it now remains to show the additional grounds 
which justify the statement that only part of the Upper Keuper 
division is represented in Normandy. These are based on the 
thickness of the deposits, not shown in actual figures, but proved 
by the nature of the district; thus :— 
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First. The Norman Secondary area, as far as embraced in this 
paper, does not exceed, as a rule, 100 feet above the sea *. 

Secondly. Infraliassic outliers occur at Videcosville, Octeville 
la Venelle, and St. Germain-de-Tournebut, in the north part of the 
area, and at Dezert, Brévands, and near Littry in the south; so that 
were Trias everywhere at the surface between these outliers and the 
Liassic¢ districts, owing to the gently undulating character of the sur- 
face in some cases and its plateau-like contour in others, and to the 
slight dip of the Secondary rocks, the uppermost beds of the formation 
(Upper Keuper) would alone be represented at and near the surface. 

Thirdly. M. Bonissent, commenting on the presence of a quartz 
rock of Cambrian age on the boundary of the communes of Gour- 
besville and Amfreville, says, “* Its presence in these places leads us 
to think that the Gulf of the Cotentin, in which the Keuper deposits 
were laid down, is of no very great thickness in all points where it 
is visible.” This remark applies to the whole area, as “ the 
ancient formations which formed the base of the newer sediments 
present little insulated patches, which the more recent formations 
have not entirely covered, for example, in the environs of Monte- 
bourg, Valognes, Lieusaint, Rauville la Place, Magneville” t; add 
to these the quartz-porphyry of St. Colombe, the Cambrian limestones 
of Cavigny and La Meauffe, the Silurian inliers of Colomby and 
Flottemanville +, and the paleozoic patches near Littry. 

Making, therefore, due allowance for depressions in their bed, the 
Triassic rocks of Normandy can scarcely exceed 200 feet in maxi- 
mum thickness, whilst their mean thickness is probably less than 
100 feet. Iam therefore forced to regard them as a part only of 
the Upper Keuper, which in the Devon and Somerset area south of 
the Mendips appears to present a mean thickness of about 700 feet ; 
so that even if the rocks of Normandy attained 300 feet, that thick- 
ness would not represent the whole of the Upper Keuper division. 


Third Proposition. 

If this reasoning is conclusive, it follows that the present extent 
of Normandy was not submerged until after the deposition of the 
earlier sediments of the Upper Keuper, and in no case could it have 
been under water during the formation of the pebble-beds of Devon 
which constitute the base of the Lower Keuper sandstones; so that 
there are strong grounds for entertaining the conclusion set forth 
in my third proposition, “ that fragments from the Palsozoic rocks 
of Normandy (in its present extent) were never incorporated in the 
Triassic sediments of Devon.” 


Fourth Proposition. 

I now come to the concluding proposition, that the foreign 
fragments in the South-Devon Trias were derived from rocks in the 
Channel area, the existence of which is proved by the nature of the 
Paleozoic areas of Normandy, Devon, and Cornwall. I shall first 
mention briefly the varietics of Palseozoic and igneous rocks of 


* Bonissent, op. cit. p. 6. t Ib. p. 264. t Jb. p. 192. 
Q.J.G.8. No. 1388. T 
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La Manche, commencing with the igneous. According to M. Bo- 
nissent *, granite and associated granitoid rocks (syenite, diorite, 
pegmatite, amphibolite, fraidonite, harmophonite, petrosilex, pro- 
togine, protogenic, syenitic, dioritic, and petrosiliceous porphyries, 
syenitic granite, and serpentine) form a great part of the coast 
from Sciotot (near Pieux) on the west to St. Vaast on the east. 

The patches of porphyry in the tract limited on the south by 
Coutances and St. Lo, and on the north by a line from Vasteville by 
Thiel to St. Vaast and Morsalines, are cited? as examples of M. Du- 
fresnoy’s opinion, that they represent “‘ the vents of a great interior 
mass of porphyry, whose eruptive force had been sufficient to disturb 
and fissure the rocks of older date, but too feeble to open a large 
outlet for widespread ejection.” 

Speaking of the granitic and porphyritic rocks of La Manche, 
M. Bonissent ¢ says :— These different groups are but very small 
portions of the great mass of which they ought to form part, judging 
from the different isolated veins with no apparent connexion with 
the principal groups. As also the islands and rocks between the 
Channel Islands and the most westerly point of England are formed 
of granite, and as the same rocks almost exclusively form the coast 
from Brest to St. Malo, and, in England, have in several places 
pierced the primitive formation, it is easy to conceive that all these 
veins, rocks, and groups are connected with one and the same 
granitic formation, in part hidden beneath the sea.” 


Talcite. 


The north coast bounding Cherbourg Bay, from Bretteville to 
Omonville, a distance of nearly twenty miles, is composed of 
talcites. At Airel, in the district of St. Lo, talcites were recog- 
nized at a depth of nearly 33 feet beneath the Cambrian from the 
surface. 

Mica-schists occur in the neighbourhood of Coutances, also 
gneiss, which is likewise found near Cherbourg, Pieux, &c.§ 


Cambrian. 


The Cambrian rocks of La Manche are divided into two stages— 
the Upper consisting of anagenites, conglomerates, and various 
grits (arkoses), the Lower of phyllades and grauwackes ||. 

Arkoses and anagenites are well developed in the north of the 
Cotentin, from Morsalines, on the north-eastern confines of the 
Secondary area, to Cape la Hogue]. In the latter locality phyl- 
lades and grauwackes are but sparingly distributed. In one spot 
in the commune of Kculleville they are accompanied by a reddish- 
brown crystalline limestone **, 

The schistose character of the taleose rocks nearly always dis- 
appears in the arkoses and anagenites Ty. 

By the road to St. Vaast, at the entry of Valognes, phyllades and 

* Op. cit. p. 31 &e. i) Bag ip dey 12 
4 B pp.103, 104. P, 122 q P. 138. *e P, 194, 
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grauwackes much altered were noticed under redeposited Keuper 
clays; they underlie the arkoses of Montaign la Brisette *. 

The Cambrian rocks almost entirely environ the Secondary area 
on the north, south-west, and south. j 


Silurian. 


The Silurian grits of the north of La Manche do not all belong 
to the same horizon; thus the grits of Cherbourg, which rest 
unconformably on talcite at Mont Roule, of Tollevast, Sottevast, 
Lieusaint, Montebourg, &c., which contain Scolithus linearis, are 
regarded as equivalent to the English Stiper Stones. Those of 
Moitiers d’Allonne (south of Pieux) are considered as contem- 
poraneous with slaty schists with Calymene Tristan, equivalent to 
the Llandeilo Flags. The grits of Val de Cie, Vrétot, and Besne- 
ville, being of the same age as the Grés de May, are equivalent to 
the Caradoc 7. : 

The succession in ascending order is as follows + :— 


Localities. 

1. Scolithus-linearis grits, sometimes azoic, 
sometimes with Linguld............... 

2. Slaty schists and grits with Calymene Cherbourg, Siouville, &c 
b) 4) 2 


Montebourg, Cherbourg, &e. 


TU ISTTIO | Sans se hae On EAS SRR Ae 
3. Graptolite schists without Cardiola .... Yrétot, Val de Cie, Siouville, 
Besneville, &e. 
4. Grits with May fauna ..:...........c0s0ss- St. Sauveur le Vicomte. 


5. Schists with Graptolites colonus and | Varenguebec,Vrétot, St. Sauveur 
Cardiola interrupta ....ccccecveresess le Vicomte, Siouyille, &c. 


At Rufosse, nearly seven miles to the west of the east coast at St. 
Vaast, Silurian grits rest unconformably upon the Cambrian, as also 
on the hillock of Blémond in Octeville la Venelle, where the Silurian 
is represented by very compact dark-brown quartzite §. At Crasville 
I noticed a quarry of quartzite splitting up in small pieces. 

The Silurian rocks of Montebourg || occupy a tract of greater ele- 
vation than the Liassic and Triassic district surrounding them. It 
comprises the communes of Huberville, Touryille, Lestre, St. Floxel 
Quinéyville, and Octeville la Venelle. At Tourville the rock is 
often schistose, and in places constitutes great beds dipping in a 
south-westerly direction. It occupies a part of the commune of 
Quinéyille, and is prolonged thence to the isles of St. Marcouf, 
_ passing by the rock of Bavesknie, where it assumes an excessively 
compact and crystalline texture, exhibiting a kind of semifusion 
from the injection of a vein of quartz chalcedony. At Montebourg 
the rock is sometimes conglomeratic in the lower portion, con- 
taining pebbles of quartzite and decomposed felspathic rocks as well 
as fragments of talcite. Fossils are very rare in this locality. Inde- 
terminable species of Orthis have been recognized on the north- 
eastern limits of the mass. 

Near the cross-roads to Aumeville, Ozeville, Quinéville, and 
Montebourg, I observed a quarry of pale grey and whitish Silurian 


wP. 127. t P. 185, t Pp. 205, 206, § P. 196. a! P. 197. 
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quartzite, capped by a drift containing boulders and occasional 
pebbles of the same rock. Near St. Cyr, by the highroad from 
Valognes to Montebourg, I visited a quarry of violet, red, and grey 
Silurian quartzite, capped in part by drift. 

In the grits of St. Sauveur le Vicomte, Rauville le Place, Besne- 
ville and Etanclin, fossils of the May type have been recognized. 
At Besneville, Homalonotus, Orthis redux, Coelaster, Paleaster, 
and Avicula matutina; at St. Sauveur le Vicomte, Homalonotius 
and Orthis reduw; at Varenguebec, Cleidophorus; at Etanclin, 
Orthis redux *, These rocks bound the Trias south of Valognes. 

Traces of the same formation have been recognized in the com- 
mune of Moon +, on the southern borders of the Triassic area, near 
the lmits of Calvados and La Manche. 

I visited the quarries of May (south of Caen), on the west side of 
the village. ‘The quartzite varies in colour from reddish and pale 
greenish to white. Here and there vertical red markings in the 
grey quartzite show a perfect resemblance to many of the charac- 
teristic Budleigh pebbles. 

The beds dip towards north 30° east. Some of them are very 
thick, one being observed of from 7 to 8 feet. A sandy bomb about 
6 feet in diameter was noticed in one part of the quarry face. 
During a couple of hours’ search I procured some specimens of 
Orthis redux and thoracic plates of Trilobites. 


= 


Devonian. 


The lower part of the Devonian only is represented in La Manchet; 
its constituents occur in the following descending order :— 


1. Schists with thin beds of soft grit containing much mica, sometimes alter- 
nating with limestones. 
. Greyish or blackish limestones, with alternating blackish schists, often 
micaceous. 
3. Grits of various colours, especially greenish, alternating with schists of the 
same hues §. 


tho 


This triad grouping reminds one of the Devonian flanking the 
South-Devon ‘Trias as given by Mr. H. B. Woodward |/:—1. Thin 
band of shales on limestones; 2. Slates; 3. Red Sandstones: in 
descending order. 

The Lower Devonian grits of La Manche are not so pure as those 
of the Silurian formation. It happens, however, that some of these 
grits, through the effects of metamorphism, have acquired a very 
close texture, and thus present the appearance of quartzites. The 
Devonian area lies between Pieux and Valognes on the north, and 
Lessay and Le Plessis on the south ; it is bounded by the sea on the 
west, and by the Triassic districts on the east. Beyond these limits 


* Bonissent, op. cz. p. 200. 

+ P.209. <A band of Silurian is shown on Knipe’s map bounding the 
Secondary area from Moon to Campigny. P. 224. 

§ Pp. 226, 227. || Geol, Mag. for Oct. 1877, No. 160. 
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only one small outlier has been found; it occurs at Siouville (north 
of Pieux) at about ten miles from the main mass; from which M. 
Bonissent inferred* ‘that the Devonian rocks occupy elsewhere a 
great part of the space between the Anglo-Norman Isles and the 
west coast of La Manche.” 

From the neighbourhood of Valognes to Golleville the Devonian 
does not extend far beyond the limits of the sea of the Marnes 
Iriséest. Approaching the town of Valognes, grey grit alternates 
with schists, and contains Orthis, little Spirifers, and Leptena Mur- 
chisoni. On the north-west of Cape Rozel a greyish quartzose grit 
containing Orthis, Spirifer, and Productus has been separated from 
the main mass of the Devonian by fraidonite and red porphyry, 
which have been injected into the Cambrian and Devonian rocks +. 
In the commune of Surtainville brownish, greenish, and grey grits, 
sometimes banded with red and yellow, contain Orthis and little 
Spirifers. At Surtainville whitish grit mottled yellowish, contain- 
ing Leptena Murchison, rests on the greenish variety §. 

The following list of fossils obtained from the Devonian rocks of 
La Manche is given by M. Bonissent | 


— 
. 


Fish-bone ? Modiola, sp. 
Dalmania callitelis, Gren. Nucula, sp. n. 

sublaciniata, Vern. Sanguinolaria soleniformis, Goldf. 
Homalonotus Gervillei, Vern, Leda, sp. n. 

Forbesii, Row. Redonia (allied to R. Deshayesiana). 
— Hausmanni, Row. Grammysia hamiltonensis, Vern. 
— Brongniarti, Row. Conocardium clathratum, D’ Orb. 

Buchii, Vern. Orbicula, sp. 

Proetus Cuvieri, Ste. Terebratula concentrica, Buch, 


Hzquerra, Vern. 


Bronteus flabelliformis, Barr. 
hispanica, Vern. 


Leperditia britannica, Pow. 


Orthoceratites calamiteus, Miinst. undata, Def. 
Buchii, Vern. —— Archiaci, Vern. 
Cyrtoceras, sp. ~—— reticularis, Linz. 
Murchisonia intermedia, D’ Arch. eucharis, Barr. 
Loxonema, sp. —— Wilsoni, Pow. 


Pleurotomaria Bachalieri. subwilsoni, D’ Ord. 
Turbo, sp. prominula, Rom. 
Macrocheilus Murchisoni, Dov. — Guerangeri, Vern. 
Natica cotentina, D’ Orb. Pareti, Vern. 
Bellerophon Seemanni, Foz. upsilon, Bon. 
Gervillii, Vern. porrecta, Bon. 
Capulus scalaris, Rou. ss Blackii, Rou. 
Lorierei, Vern. strigiceps, Lom. 


cassideus, Vern. Pentamerus galeatus, Da’m. 
Pileopsis, sp. Spirifer Rousseau, How. 
Euomphalus, sp. —— subspeciosus, Verz. 


heteroclitus, Defr. 


Conularia Gervillii, Vern. 

Serpularia, sp. Davousti, Vern. 

Pterinea spinosa, Phill. Pellico, Vern. 

levis, Goldf. —— Bellouini, Pow. 

Avyicula spinosa, Phill. (and indeter- -——— Dutemplei, Row. 
minable species). macropterus, Goldf, 


* Bonissent, p. 255. + Ib. p. 245. baie 
§ Bonissent, p. 227. | Ib. pp. 251-255. 
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Orthis Beaumontii, Vern. Encrinites. 

striatula, Schloth. Pradoecrinus Baylii, Vern. 
—— orbicularis, Vern. Tentaculites, sp. 

Gervillii, Barr. Caryophyllites, sp. 

—— Trigeri, Vern. Heliolites interstincta, M.-Hdw. 
—— hipparionyx, Schn. Alveolites, sp. 

eifelensis, Vern. Fayosites Goldfussi, D’ Orb. 

Monieri, Row. polymorphus, Goldf. 
Chonetes Boulangeri, Row. Calamopozya, sp. 

Rhynchonella, sp. Cyathophyllum celticum, D’ Ord. 

Strophomena, sp. Bouchardi, M.-Edw. 

Productus, sp. —— cexspitosum, Goldf. 

Atrypa, sp. turbinatum, Gold. 

Leptzna Murchisoni, Vern. Madrepora, sp. 

—— subplana, Vern. Aulopora cucullina, Mich. 
laticosta, Conrad. Retepora, sp. 

—— Sedegwickii, Vern. Fenestella, sp. 

— Phillipsii, Barr. Pleurodictyum problematicum, Goldf. 
depressa, Sow. (with round calices). 

Bouei, Barr. -—— (with sharp serpuliform calices). 
Calceola (sandalina). —— constantinopolitanum, om. 
Pentremites. 

Carboniferous. 


The representative of the Carboniferous Limestone occurs in a 
small space, not five miles in length by about two thirds of a mile in 
breadth, on the south-west coast, at nearly twenty miles distance 
from the unproductive Coal-measure strata of the little basins of 
Le Plessis and Littry, bounding the Triassic districts on the south”. 
With them my brief notice of the Norman Paleozoic rocks closes. 


Returning to our own side of the Channel, we find the Cornish 
peninsula composed of a granitic backbone, represented superficially 
by four principal masses, surrounded, except in the case of the Lands- 
End mass, on all sides by Devonian rocks more or less metamor- 
phosed, and constantly intersected by greenstones and elvans. We 
find the Lizard district mainly composed of serpentine and diallage 
rocks partially flanked by hornblendic slates ; whilst between Chapel 
Head and Nare Point, in the districts of Veryan and Gorran, a rock 
of pre-Devonian age occurs. 

Again, in South Devon we have the same granitic centre, and 
from it southwards pass from Culm-measure rocks to Devonian, locally 
intersected by numerous patches of greenstone; whilst the remark- 
able metamorphosis of the rocks forming the most southerly part of 
Devon, from Start Point to Bolt Head, seems to indicate the proxi- 
mity of extensive igneous districts now hidden beneath the sea. 

Taking both countries together, we have in their most southerly 
projections the indications of conditions approaching those exhibited 
in La Manche. Would not the area occupied by the English Channel 
be expected to furnish the transition between these extreme points ? 
Would not such a transitional area display great centres of ancient 
igneous activity—the extension of the Silurian and older formations 


* Bonissent, p. 260. 
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towards Devon, the superposition upon them of Devonian rocks 
prolonged from the coasts of Devon and Cornwall, and their partial 
conversion into quartzites (which has been already described as 
locally effected by extreme metamorphism in the Devonian grits of 
La Manche )? To these I might add the probability of an extension 
of the Devonian rocks of La Manche towards Devon, on the eastern 
flank of the granitic mass of which Jersey, Guernsey, &c. are the 
highest summits. Applying these inferences to the solution of my 
fourth and concluding proposition, I feel justified in ascribing: first, 
such granitic, porphyritic, and stratified rock fragments of the Lower 
Trias of South Devon as cannot be reasonably referred to rocks within 
the limits of the south-western counties (whether exposed or con- 
cealed by Secondary strata) to the many varieties of igneous rocks 
and Paleozoic formations doubtless occurring in the area now occu- 
pied by the Hnglish Channel; secondly, the Budleigh-Salterton 
pebbles to Devonian and Silurian quartzites, and in some cases 
perhaps to igneous and Paleozoic sources formerly existing in the 
Channel area. 

In conclusion, I have to acknowledge the kind offices of Messrs. 
Linford and Vicary in furnishing me with information bearing on 
the subject, and in putting their libraries at my disposal. 


Discussion. 


Prof. Ramsay remarked that the fossils in the Budleigh-Salterton 
pebbles are of Silurian as well as of Devonian species. He supported 
the view that the pebbles were derived from rocks now destroyed by 
denudation, and existing in what is now the Channel area. He 
supported the views of Mr. Godwin-Austen on the grouping of the 
Triassic beds and on their origin in a great lake. 
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21. On the OccurreNcr of PeBBies with Uprrr Luptow Fossirs in 
the LowrR CARBONIFEROUS ConcLomERATES of NorrH WaALEs. 
By Ausrey Strawn, Hsq.,M.A., F.G.S., H.M. Geological Survey, 
and Atrrep O. Waker, Esq., F.L.S. (Read February 5, 
1879.) 


[By permission of the Director-General of the Geological Survey of 
Great Britain. ] 


Neary forty years ago Mr. Bowman drew attention to ‘a small 
patch of Silurians west of Abergele.” in which he described the 
following subdivisions in descending order*:— _ 


J. A conglomerate of pebbles of greenish micaceous sandstone in a light 
loamy earth resting on a similar sandstone. 


e. Thick red marl with numerous pebbles of red sandstone, micaceous, with 
many bivalves. 


d. A hard compact conglomerate of green sandstone and quartzose rock. 
e. Compact red limestone. 

b. Fine blue loamy clay. 

a, Clay-slate. 


He makes the observation that the red-sandstone pebbles in 
bed ¢ resemble Ludlow rock, and names four Ludlow species as 
occurring in them. 

Our attention was directed to these beds by numerous excavations 
made in them at the time of the recent activity in the iron trade. 
The only good exposure is in Ffernant Dingle, a deep ravine running 
from the Pen-y-Cefn lane southward past Cefn-y-Fran, about one 
mile south of Llysfaen. 

The southern or lower end of this dingle is occupied by Wenlock 

shale, a pale blue slaty clay, with occasional sandy beds. The beds 
are much jointed, and sometimes cleaved so as to weather into 
pencil-like fragments. At the south end of the dingle they are 
nearly horizontal, but dip gently to the north higher up, near Cefn- 
y-F ran. 
: At this point the Wenlock shale is unconformably overlain by 
hard, mottled, red and green brecciated limestone, containing beds 
of green sandstone pebbles in a sandy matrix. ‘The limestone and 
the conglomerates dip to the N.N.E. at 28°. 

This limestone constitutes bed c of Mr. Bowman’s section. It ig 
exceedingly hard, with a hackly fracture, of a green colour mottled 
with red. It contains perfectly angular fragments of Wenlock shale, 
and rounded pebbles of a greenish sandstone; there is also so large 
a proportion of quartzose and argillaceous impurity in it as to give 


* Geological Transactions, vol. vi. part 1. 
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rise to a porous sandy mass when 
the lime is removed by weather- 
ing. We have been unable to de- 
tect any organic remains in it, 
even with the aid of the micro- 
scope. In all these respects it 
contrasts with the Carboniferous 
Limestone proper, which is free 
from grit, and is almost entirely 
made up of fragments of Corals, 
Encrinites, and Foraminifera. 
This brecciated limestone is lo- 
cally known as the Bastard Lime- 
stone. 

The unconformable position of 
the Bastard Limestone on the 
Wenlock shale is shown in a quarry 
on the west side of the dingle, 
and in a pit 150 yards further to 
the west. The shale dips to the 
north at from 6° to 7°. Its bedding 
planes are cut off towards the north 
by the Bastard Limestone, which 
dips to the N.N.E. at from 26° 


to 27°. A little local breccia, con- — 


sisting of small fragments of Wen- 
lock shale in a red clay or brown 
earth, about from 8 to 12 inches 
thick, separates the limestone from 
the surface of the Wenlock shale. 
The limestone is also exposed 
south-east of Twynan-uchaf and 
near Tyn-y-Pistyll, and has been 
proved in hematite trials near 
Orsedd, and in the slope of the 
hill below Cefn-uchaf and Cefn- 
y-Castell. It is represented at 
the Pile House, near Colwyn, by a 
porous sandy bed, slightly calca- 
reous, but in a much weathered 
condition. The Bastard Limestone 
occupies a position at the base of 
the beds about to be described 
over a considerable area. 

A great thickness of shales, 
sandstones, and conglomerates 
overlies the limestone. The fol- 
lowing details of the lower por- 
tion of these beds were obtained 
in Ffernant Dingle, in ascending 
order:— 
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Bastard Limestone, containing two beds of green sandstone ft. in, 
pebbles im aysandiyamathix esses ese eee eacestee eee eer LOO 
Conglomerate of red and green sandstone pebbles in a mottled 
red and green sandy matrix, the pebbles varying in size from 


that of a walnut to that of a flattened cricket-ball ............ 12 0 
Bastard mmestone! Radek: <5 sated ee as aaee CREE REEMA ere CEs 1G 
1 Battave vs ashy) Whats see Nae GO coEenOne se conUn nS aaduenrae cote looroc cdecuncaad stone 0 8 
Red shale <.....sccs+-+6 dovovbocnabca9osad0u0N0baoboe0nNDAC iaieaiesote den 3 0 
Bastard aiimestoneressecaswmcesacisacounseucn sete merci ocean se meee oe ner i @ 
Hard red sandstone crammed with green and red sandstone 

JOSITES  cososcooosessn0nqca shoo ssbsosandesocucooodoedoconsscooaceadHadcaoe 0 
Bastard Limestone ...... TOUORO DOC HAC HRSG Gunue ap onainnoce nan ac ase ane ane oe ie 
Soft, red, micaceous sandstone with pebbles ...............0..0e0e0e 6 0 
Thick deep-red clay, crammed with liver-coloured sandstone 

pebbles, micaceous, flattish, and’ fissile, the largest 1 foot 

ACROSS ly? 7 Or G) MNCS HME!s  SosoocudpnsnotdocoduunocvbaccooDouDGcKE 0 0 
Soft red sandstone with green blotches ..........ssecsesseeseesesees 3.0 
Deep-red marl, weathering into cubes or rhombs (resembling 

some beds at the base of the Keuper marls of Cheshire) ...... 3.0 
Coarse conglomerate of purple sandstone pebbles.................. 6 0 
Sottabright-nedusandStOme et occm-anacssensaceseedoceseceenmscetnes 10 0 
Thick deep-red clay, crammed with pebbles (bed e of Mr. Bow- 

THANG) Yay canepeionoodenoge duanaesponocnatnnc uasonc sare ooaaBabaodendes lon saess 


The last-named bed, with a few sandstones, occupies the remainder 
of the dingle, and continues over Pen-y-Cefn and down the slope to 
the north to near the foot of the limestone escarpment, a distance of 
more than 1000 yards; its thickness must therefore be very great. 
It is everywhere crowded with pebbles of red and purple sandstone, 
liver-coloured when fine-grained, and purple and very micaceous 
when coarse-grained. They are all fissile, and when split open 
disclose casts of numerous fossils. They vary in size from 14 inches 
x 8 inches x 33 inches to an average of 4 inches x 24 inches 
x 1d inch. They are dissimilar to any rock known in setw in the 
district, and are invariably waterworn, generally to a flattened oval 
shape, but occasionally subangular. The whole deposit is well stra- 
tified and pervaded by current-bedding, without any appearance of 
ice-action. Throughout this vast mass of pebbles there is no other 
rock than the fine and coarse-grained red sandstone. 

Overlying this thick bed, and occupying the slopes immediately 
under the Carboniferous Limestone, are some conglomerates of green 
and yellow sandstone pebbles in a red and green matrix, and asso- 
ciated with mottled red and green shales. Some of the pebbles 
differ slightly from the last described in being tougher and less 
fissile, but the majority are similar except in colour; they also 
contain the same fossils. No hard and fast line can be drawn sepa- 
rating the red conglomerates of Ffernant from these mottled beds ; 
and the difference 18 probably due partly to their having been 
derived from a variegated rock, partly to subsequent alteration. 
Some of the pebbles in the upper beds are partly green and partly 
red. 

The red and green shales and conglomerates are succeeded by the 
Carboniferous Limestone, the lowest beds of which contain Eneri- 
nites, Producti, Athyris, and Foraminifera in abundance. The junc- 
tion is visible in a farmyard near Bryniau Cochion, where red- 


FROM THE LOWER CARBONIFEROUS OF NORTH WALES, 271 


stained limestone, rather impure, rests on green and purple shales, 
with a sharp line of demarcation, but without signs of erosion or 
unconformity. Occasionally the lower beds of the limestone are 
interstratified with shales so as to form a passage*, There is 
always a perfect conformity in dip. 

Distribution and Thickness—The accompanying section (p. 269) is 
drawn to a true scale of 6 inches to the mile, the horizontal distances 
and heights taken from the Ordnance 25-inch maps, supplemented by 
aneroid measurements. The dip of the Bastard Limestone in the 
dingle is 28°; this diminishes towards the top of the dingle to 
12°. No dip is then to be got till we reach the Carboniferous 
Limestone, which dips at 9° to 10°. From these data we get an 
apparent thickness of a thousand feet for the conglomerates. It is 
probable that this far exceeds the reality, through the inequality of 
the surface of Wenlock shale and through the possibility of a roll in 
the limestone. Making allowance for this, their thickness cannot 
be much less than 500 feet. At Penlwys (Pile House), where we 
have been able to make a direct measurement in the hill-side, we 
find the thickness to be 130 feet, and west of Colwyn Bay they have 
thinned out to nothing, the rate of attenuation being about | in 34. 
EKastwards the conglomerates thin out equally rapidly, and finally 
are overlapped by the Carboniferous Limestone at a distance of three 
miles from Ffernant. The conglomerates become finer as the beds 
become thinner, and tend to pass into shales and sandstones, afford- 
ing evidence that the thinning and thickening of the beds is due to 
their original unequal distribution, rather than to their partial 
removal by denudation before the deposition of the Carboniferous 
Limestone. 

The position and appearance of the beds in Ffernant Dingle favour 
the idea of their having been deposited against a bank or sloping 
surface of Wenlock shale, probably one side of a broad hollow cut 
out by denudation in the surface of these rocks. The irregular 
distribution. of the conglomerates is probably due to such inequa- 
lities in the surface on which they were deposited. 

It may be mentioned that a fine section is exposed in the valley 
of the Clwydog, near Ruthin, showing Carboniferous Limestone rest- 
ing conformably on red micaceous shales with thin sandy beds, and 
thrown against similar beds by a fault ranging north and south 
through Berth. In the bed of the river at Berth brecciated and 
conglomeratic limestone, dipping N.E. at 5°, forms the base of the 
deposit ; it rests on Wenlock shale dipping 8.W. at 30°. Conglo- 
meratic beds occur in the series in the side of the highroad to 
Ruthin, half a mile west of Llantwrog. The pebbles are similar to 
those of Ffernant. 

Origin of the Pebbles—In the Bastard Limestone there occur a 
few fragments of Wenlock shale, all angular and evidently of local 
origin. With the exception of these, the pebbles are all waterworn 
and generally completely rounded. A few of the less fissile and 


* Mr. G. H. Morton states that beds of limestone and conglomerate are 
interstratified near Denbigh. 
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finest-grained green pebbles from the upper part of the conglome- 
rates resemble the sandy beds in the Wenlock shale, but the vast 
majority are totally dissimilar to any rock known in situ in the 
district. On the other hand, they closely resemble the Upper 
Ludlow beds of Kendal and Central Wales, both the red and green 
varieties being referable to these beds*. 

Mr. R. Etheridge has kindly examined some of the pebbles, and 
has named the following genera and species of fossils occurring in 


them :— 


Orthis filosa, Sow., Sil. xx. 21. Wenlock and Ludlow. 

—— lunata, Sow., Sil. xx. 11. Ludlow. 

elegantula, Dalm. Llandeilo to Ludlow. 

cerispa, M‘Coy, Sil. Loss. p. 29. Llandeilo to Ludlow. 

Chonetes striatella=lata, Dalm., Sil. Syst. iti. Ludlow. Four specimens. 
Spirifer crispus, His., Sil. xxi. 4. Llandovery to Ludlow. Five specimens. 
elevatus, Dalm., Sil. xxi. 5,6. Llandovery to Ludlow. 

Rhynckonella Stricklandii, Sow.?, or borealis, Schl. Wenlock. 

: fragments. 

Pterinea retroflexa, Wahl, or lineata, Goldf., Sil. ix. 26. Ludlow. Three 


specimens. 
Orthonotus. 
Arca (or Pterinea ?). 
Theca (?). 
Tentaculites ornatus, Sow., Sil, xxvi. 11, Caradoc to Wenlock. 


Holopella. 

He remarks that they are undoubtedly Upper Silurian and 90 per 
cent. Ludlow, and that the pebbles in their flaggy nature and mica- 
ceous condition resemble beds of this age in Westmoreland. 

In considering from what direction the pebbles have been trans- 
ported it is necessary to bear in mind that, excepting only the 
angular fragments in the Bastard Limestone at the base, not a 
single fragment occurs that is referable to the Wenlock, or any Silu- 
rian rock older than the Wenlock. It is therefore certain that the 
denudation in that area from which the conglomerates were derived 
had not been sufficient to remove the whole of the Ludlow beds and 
expose the underlying Wenlock shales, fragments of which must 
otherwise have occurred in the conglomerates. We must therefore 
look for the source of the pebbles in an area in which the Silurian 
series remained perfect, at least so far as the Lower Ludlow beds, 
when the pre-Carboniferous denudation of these rocks ceased. 

This condition is fulfilled at Ludlow, at a distance of more than 
fifty miles to the south. But over this intervening space the Carbo- 
niferous Limestone is resting on Wenlock shale, which was therefore 
undergoing denudation and contributing débris, Had the drift been 
from this direction, this Wenlock débris must haye been inter- 
mingled. Similarly to the west, near Snowdon and Anglesey, and to the 
north-west, in the Isle of Man, the Carboniferous rest on Wenlock or 
older beds, so that these directions need not be discussed. There 
remains only to be considered the possibility of a source in a north 


or north-easterly direction. 
The removal of the Ludlow beds from the areas of North Wales 


* Qn this point we had the valuable opinion of Mr. W. T. Aveline, F.G.S. 
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and the Lake-district was due to the elevation of these tracts, and 
consequent denudation, in a period preceding the Carboniferous. 
The comparative depression of the intermediate area of South 
Westmoreland, and probably Lancashire, and of South Wales pre- 
served these beds or a portion of them, or even led to further 
deposition, so that 10,000 feet of red beds are found in Hereford- 
shire which are missing in Denbighshire. While in the areas of 
elevation the unconformity at the base of the Carboniferous is 
immense, in the areas of depression the gap 1s apparently filled up 
through the comparatively slight denudation to which the beds were 
exposed. 

Neglecting minor undulations, the general tendency of the Wenlock 
shale of North Wales is to dip in a north-east direction off the Bala 
beds of Conway and Bala. If this dip is continued under the Car- 
boniferous strata it must bring on in natural succession the missing 
Silurian beds in the direction of Liverpool and Lancashire. On the 
southern side of the Lake-district, where the Silurians reemerge, the 
series is actually complete as far as the Kendal Flags (Tilestones) 
before it is overlapped by the Carboniferous. 

It is therefore probable that in the old synclinal between Wales 
and the Lake-district, Silurian beds higher than any existing in 
North Wales underlie the Carboniferous strata. The resemblance of 
the Ffernant pebbles to the Westmoreland beds has been remarked 
by Mr. Etheridge; but from the large size, incomplete rounding, 
and friable nature of some of the pebbles, it is not probable that 
they have travelled so far as from the Lake-district to Wales. We 
therefore suggest the probable extension of the Ludlow beds under 
Lancashire as the most likely source from which they can have been 
derived. 

Mr. Goodchild has been kind enough to furnish us with the 
following notes on conglomerates occupying a similar position on 
the borders of the Lake-district. They rest with an extreme uncon- 
formity upon all the older rocks. On the other hand, they pass up 
into the limestone, or are sometimes rather sharply divided from it. 
They are also interstratified with beds of sandstone and even shale, 
which occasionally form the mass of the deposit. There is evidence 
in the conglomerates of their having been drifted from a north-west 
direction. 

In the Isle of Man, near Castletown, the conglomerate rests on 
the smashed edges of nearly vertical Silurian strata. It is inter- 
stratified with discontinuous beds of sandstone and grit. In the 
upper part it is interbedded with Carboniferous Limestone. The 
Peel Sandstones are described by Mr. Horne* as containing occa- 
sional bands of breccia and thin cornstones, and as passing con- 
formably under the limestone. In all cases the conglomerates are 
highly charged with iron. 

Over a large area in the north and west of England and Wales 
these red conglomerate sandstones and shales are conformable to 
the Carboniferous Limestone, and occasionally interstratified with 

* Trans, Edinburgh Geol, Soc, 1874. 
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it, while they invariably show the most complete unconformity with 
the Silurian beds below. 


Discussion. 


Mr. Dre Rawncz expressed his agreement with the paper after 
having walked over the ground. He also thought that the source 
of the pebbles had probably been the Lake-district or old destroyed 
lands under the Irish Sea. He had been informed ‘by Mr. Morton 
that, in examining the caves in the Carboniferous Limestone near 
Abergele, east of the direction of the author’s section, a number of 
these fragments had been found, showing underground drainage 
from the outcrop of the basement beds to the sea. 

Prof. Hueues bore testimony to the accuracy of the observations 
of the authors, but thought caution was needed in accepting some 
oi their conclusions. A bed might be stained in a conglomerate of a 
colour which it never bore in situ. Pebbles from grey rocks in the 
red basement conglomerates of the Carboniferous rocks in the Eden 
valley were stained red. He also thought that the general character 
of the pebbles did not agree with the Ludlow of the Lake-district. 
All the fossils were Ludlow, but also occurred low down in the 
Denbigh Flags. 

Mr. A. O. Watxer said that the conglomerates above these beds 
were of greenish or whitish pebbles, and so not in the least stained 
themselves. He thought that the pebbles in the caves mentioned 
by Mr. De Rance occurred in the drift. 

Mr. Rurtey said that an exposure of Upper Ludlow rock in the 
Long Sleddale valley of the Lake-district had a lithological character 
identical with that of the specimens brought by the authors. 

The Preswpent asked if there was any physical evidence as to the 
direction whence the pebbles had drifted. 

Mr. Srrawayn said that probably the hardest portions of the rock 
survived in the existing pebbles, which, however, were softer than 
the Wenlock shale. There was no other rock of similar character 
in the district. He also thought the general position of the beds 
favoured the idea of denudation they had suggested ; but there was 
no certain physical evidence as to the direction whence the fragments 
had proceeded. 
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22. A Revisw of the British CARBONIFEROUS FunnstEtirp 2, 
By Groner Wm. Surussore, Hsq., F.G.S. (Read February 26, 1879.) 


Tue following are some of the results obtained in working out the 
fossil Polyzoa found in the upper beds of the Carboniferous Lime- 
stone on Halkin Mountain in Flintshire. 

In some of the bands of calcareous black shale and chert the 
Fenestellidee occur in considerable abundance, and generally in a 
good state of preservation. During the last few years some thou- 
sands of specimens, mainly of Menestella, from this locality have 
come under my notice. The condition of many of these has been 
such as, 1 conceive, to throw considerable light upon their true 
form and mode of growth, and so to add largely to the information 
we possess respecting this interesting group of the Polyzoa, and 
render possible what has been long felt to be a desideratum by all 
who have studied the subject, namely, a revision of the several 
species of Fenestella. 

Twenty-six so-called species of Fenestella have been described 
from the Carboniferous series. Of these I have carefully examined 
twenty, and find that they can be reduced to five species. 

The following is a complete list of the British Carboniferous 
Fenestelle :— 


Fenestella antiqua, Lonsd., M‘Coy, Syn. Carb. Foss. Ireland, p. 200. 

arctica, var. scotica, Eth. jun., Ann. & Mag. Nat. Hist. ser. 4, vol. xx. 
Jol. 

Peter ecititnta, Eth. jun., Mem. Geol. Sury. Scotland, sheet 23, p. 101. 

— carinata, M‘Coy, Syn. Carb. Koss. Ireland, pl. 28. fig. 12. 

—— crassa, M‘Coy, Syn. Carb. Foss. Ireland, pl. 29. fig. 1. 

— ejuncida, M@*Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 11. 

flabellata, Phil/., Geology of Yorkshire, pl. 1. figs. 7-10. 

flustriformis, Phill., Geology of Yorkshire, pl. 1. figs. 11, 12, 

frutex, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 10. 

formosa, M‘Coy, Syn. Carb. Foss. Ireland, pl. 29. fig. 2. 

hemispherica, M*Coy, Syn. Carb. Foss. Ireland, pl. 29. 


irregularis, Phill., Geology of Yorkshire, pl. 1. figs. 21, 22. 

laxa, Phill., Geology of Yorkshire, pl. 1. figs. 26-30. 

—— membranacea, Phill., Geology of Yorkshire, pl. 1. figs. 1-6. 
— Morrisii, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 14. 

— multiporata, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 9. 
— nodulosa, Phill., Geology of Yorkshire, pl. 1. figs. 31, 32, 33. 
— oculata, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 15. 

-—— plebeia, M‘Coy, Syn. Carb. Foss. Ireland, pl. 29. fig. 3. 

— polyporata, Phill., Geology of Yorkshire, pl. 1. figs. 19, 20. 

— quadradecimalis, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 13. 
— tenuifila, Phill., Geology of Yorkshire, pl. 1. figs. 23, 24, 25. 
— tuberculo-carinata, Eth. jun., Mem. Geol, Sury. Scotland, sheet 28, p. 101. 
— undulata, Phill., Geology of Yorkshire, pl. 1. figs. 16, 17, 18. 
yaricosa, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 8. 


The causes which haye contributed the most to the present con- 
fusion in the group haye been :—(1) a very imperfect acquaintance 
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with the true size of the polyzoarium, which, as a rule, is much 
greater than previous writers have suspected ; (2) not allowing for 
the natural difference in the structure, both at various periods and 
parts of its growth; (3) the uncertainty as to the typical form. 

With regard to size I have traced the folded-up expansion of 
Fenestella plebeva, M‘Coy, along lines of bedding, which showed that 
it attained a circumference of at least two feet, and probably more. 
It will be convenient to describe the growth as having three clearly 
marked stages, viz. the young, the mature, and the aged form, 
each of which differs much from the others in outward appearance. 
The young or early condition of the polyzoon was foliaceous in 
shape, often cordate, some, as Fenestella nodulosa, Phill., having a 
distinct stem. 

The mature form was a circular or oval expansion, more or less 
depressed in the centre, the extremities terminating in semicircular 
lobes, slightly folded or plaited. The flabelliform shape, so often 
mentioned by writers on the subject, is not a true or perfect form, 
but a segment taken from the outer expansion of the polyzoarium. 
In the aged stage (and in this we may take Fenestella plebeia, M‘Coy, as 
the type) the interstices and dissepiments become so much thickened 
as to resemble Polypora in size and character, the latest phase being 
from the straight interstice to zigzag, caused by an increased growth 
between the angle of the interstice and dissepiment. The fene- 
strules in consequence became hexagonal. I have little doubt that 
this last stage of Henestella plebeia, M‘Coy, is the Lenestella arctica, 
Salter *, from the Carboniferous Limestone of the Arctic regions. 

It is to be noted that these successive stages of growth were each 
marked by peculiar features in the polyzoarium which deserve 
mention. 

The basal portion at all times differed considerably from the 
upper portion. In the early growth the fenestrules were large and 
irregular ; in the later both smaller and regular. The thickening 
at the base was a gradual and continuous process, which went on 
until the pore-cells became obliterated and the real base became a 
solid calcareous mass. 

Now in bringing this information to bear upon the drawings 
and description of Venestella given by Phillips and Prof. M‘Coy, 
and particularly the Polyzoa named by the latter, and now in the 
Woodwardian Museum, which I have been permitted to examine 
by the courtesy of Prof. M‘Kenny Hughes, I find, as a matter of 
fact, that in some instances the young, the mature, and aged con- 
dition of the same polyzoon have been described as distinct species, 
a similar distinction being sometimes conferred upon the base and 
the upper growth of the polyzoary. 

These variations in fossil polyzoal growth have not been unnoticed 
by careful observers. Writing recently of an allied form, Polypora 
hbiarmica, Keys., R. Etheridge, jun., says of it that “it is a most 
interesting one, from the peculiar change the polyzoarium appears 
to undergo with age and increased growth. ‘he obverse and re- 

* Belcher’s ‘Arctic Voyage,’ 1855, vol, ii. p. 385, t, 36. f. 8. 
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verse differ so materially in appearance that they might easily be 
mistaken for distinct species, were it not for their constant occurrence 
together in close proximity, and also that some of the fragments 
are so fractured as to show the gradual passage from the broad flat 
interstice of the obverse to the narrower and more convex stems of 
the reverse” *. 

What is here said to hold good respecting Polypora biarmica I 
find to be true, not only of the Fenestellide in particular, but of the 
reticulated forms of Polyzoa in general. Unfortunately for the 
cause of paleontology these facts have not been allowed to have 
their due weight in the description of the various species; and the 
result has been a needless multiplication of ill-defined and uncertain 
forms, very perplexing to the student and of doubtful benefit to the 
science. 

Bearing in mind the differences which I haye pointed out in the 
character of the individual polyzoon, it is no wonder that the early 
describers fell into this error when the determination was often 
made from fragments only, and these imperfect. 

More important even than this was that they failed to see the 
true character of the genus. M‘Coy believed that it would be found 
in Hemitrypat. Although some species of Henestella pointed in the 
true direction it was not discerned. At this time the character of 
the genus was a poriferous face, bare and smooth, the cell-pores 
level with the interstice and the latter having a faint keel. In 1874 
Messrs. Young and Young announced the discovery of a new 
Carboniferous polyzoont having the outline of a Fenestella, but 
with so many new features that they felt themselves justified in 
creating for it a new genus, Actinostoma, calling the species, to 
mark its specific character, fenestratum. 

In this species the true cell-pore stood well up above the inter- 
stice, a rounded nipple-shaped projection terminating in an opening 
or mouth furnished with eight denticles set around the margin. 
Below this was a smaller and more superficial opening, which may 
have been the base of some polyzoal appendage. On the prominent 
keel were elongated prominences with smaller ones at regular in- 
tervals: apparently they had been hollow, and may have been 
spines. This highly ornamental variety, presenting a strange con- 
trast to the majority of the Fenestellide, was really the more perfect 
form of Fenestella nodulosa, Phill. §, although not recognized as 
such at the time by the original discoverers. Still it is due to 
Messrs. Young to state that to them we are indebted for the first 
insight into the true type of the genus Menestella. Since then it 
has been ascertained that when Actinostoma fenestratum, Young, 
has been worn down by attrition or the action of water it becomes 
what we know as Fenestella nodulosa, Phill. It is a common 
occurrence for a frond to have upon it the characters of both Fene- 


* Quart. Journ. Geol. Soe. vol. xxxiy. p. 622. 
+ M'Coy’s Syn. Carb. Foss. Ireland, p. 200. 
+ Quart. Journ. Geol. Soc. vol. xxx. p. 681]. 
§ Geol, Yorks. pl. 1. figs. 51, 32, 33. 
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stella nodulosa, Phill., and <Actinostoma fenestratum, Young, the 
difference being due to preservation and to no other cause. 

An important question next arises, Is Fenestella nedulosa, Phill., 
peculiar in respect to these details, or are the features observable in 
Actinostoma common to all the Fenestelle? I think we have evidence 
in favour of the latter view. In several species I have noticed the 
prominent cell-pores; and in one instance I have traced the rayed 
cell-mouth as in Actinostoma as belonging to Kenestella plebera, 
MM‘Coy, also as having the prominences on the keel. 

In another species, Mnesteila polyporata, which Phillips figures 
without a keel, I have found it having a prominent keel with strong 
spear-shaped projections upon it. 

it is evident, therefore, that Fenestella nodulosa, Phill., is not 
alone in possessing the characters given to Actinostoma. 

There is an additional reason for thinking that this ornamenta- 
tion was common to all the Fenestellide, since the worn-down form 
of fenesiella nodulosa, Phill., in no respects differs from the other 
members of the family in a similar condition. It seems only fair, 
then, to believe that the bare and smoothed condition of most of the 
Fenestellide is due to attrition in the Carboniferous sea, which has 
destroyed all the prominences and delicate surface-markings, and 
that only in rare and exceptional cases have they escaped this 
treatment. 

It may be interesting here to notice that in an enlarged drawing 
of the poriterous face of Menestella tenuwiceps, Hall *, the interior of 
the cell-mouth, instead of being blank, is filled with a circular 
arrangement of fine points, evidently intended for organic structure. 
If so, then it may be that we have here a foreshadowing of the 
denticulate cell-aperture of Actinostoma. 

I propose to arrange the various described forms of Menestel/a under 
the following species. 


FENESTELLA PLEBEIA, M‘Coy. 


Fenestella antique, Lonsd., M‘Coy’s Syn. Carb. Foss. Ireland, 
p. 200 

F’, carinata, M‘Coy, Syn. Carb. Foss. Iveland, pl. 28. fig. 12. 

F, fiustriformis, Phill., Geol. Yorks. pl. 1. figs. 11, 12. 

F, wrregularis, Phill., Geol. Yorks. pl. 1. figs. 21, 22. 

F, formosa, M‘Coy, Syn. Carb. Foss. Ireland, pl. 29. fig. 2. 

F. tuberculo-carinata, R. Ether., jun., Mem. Geol. Surv. Scotl. 
sheet 23, p. 101. 

F, undulata, Phill., Geol. Yorks. pl. 1. figs. 16, 17, 18. 


This, which is the common species of the group, is individually 
more numerous than any other. In size of structure it occupies a 
position between Fenestella nodulosa, Phill., and Lenestella poly- 
porata, Phill. Its polyzoarium, in adult specimens, was from 
18 inches to 2 feet in circumference. Phillips found and figured 


* Hall's Paleont. N. York. 1852, pl. 40 D, fig. 2. 
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various parts of the growth, which he describes as distinct species. 
Prof. M‘Coy subsequently, finding it only doubtfully described, 
gave a very full and accurate account of the polyzoon as usually 
seen. In Menestella irreqularis, Phillips partly describes the base ; 
Fenestella flustriformis, Phill., is the cast only of the reverse face ; 
Fenestella undulata, Phiil., has the cell-pores partly exposed, 
possibly by the removal of the outer cortical layer. In Fvnestella 
antiqua, M‘Coy, the specific distinction is the ‘inosculation” of 
the cell-pores. The specimen in the Woodwardian Museum is a 
weathered reverse from which all the substance of the polyzoon has 
been removed, leaving the base of the filled-up cell-pores exposed 
and apparently in junction. The distinction is founded upon the 
error of mistaking the reverse for the obverse face. The cell-pores 
are set obliquely in the interstice; the median keel causes them to 
spread out on the obyerse but not on the reverse face. 

The aged form of the polyzoon we have in the Ienestella carinata, 
M‘Coy*, in the Woodwardian Museum. The dissepiments at this 
stage are quite as thick as the znterstices, and the appearance on the 
reverse that of a Polypora. ‘The last stage is marked by an addi- 
tional thickening, more particularly of the dissepiment at its junction 
with the interstice, giving the hitherto straight interstice a series of 
sharp angular turns or zigzags. This, 1 have no doubt, is the 
Fenestella arctica, Saltert. Examples of both of these later con- 
ditions are found on Halkin Mountain, and frequently on the same 
frond. 

As yet I have referred only to the bare and denuded forms of 
Fenestella plebcia, M‘Coy. Quite recently I have met with what 
I have no doubt is a very near approach to the life-form of the 
species. There is no doubt about its true character, as in size, 
number, and distance of pore-cells it agrees in all respects with 
Fenestella plebera. As such I prefer to regard it rather than to make 
it into anew species. In it the cell-mouth is rayed as in Actinostoma 
fenestratum, Young f, and the number of denticles is the same. The 
pore-cell is rounded and projected well above the interstice. The keel 
is prominent, slightly waved, and studded at regular intervals with 
spiny processes of varying size. Between this, which is probably the 
nearly perfect form, and the bare one previously described we haye 
the several stages of the obliteration process represented by such 
forms as I’enestella formosa, M‘Coy §, and Menestella tubcrculo-carinata, 
R. Eth., jun.|| As Prof. M‘Coy was the first to describe this 
species, itis better that it should still be known as /vnestella plebeia, 
M‘Coy. By some authorities this species is regarded as identical 
with Fenesiella (Gorgonia) antiqua, Goldf.; and perhaps with good 
reason. For the present I prefer to confine my attention to the 
British varieties. 


* Syn. Carb. Foss. Ireland, pl. 28. f. 12, 

t Belcher’s Arctic Voy. 1855, vol. ii. p. 385, t. 36. f. 8, 
t Quart. Journ. Geol. Soc. vol. xxx. p. 681. 

§ Syn. Carb. Foss. Ireland, pl. 29. fig. 2. 

|| Mem, Geol. Sury. Scotland, sheet 23, p, 101, 


TZ 


280 G. W. SHRUBSOLE ON THE BRITISH 


FENESTELLA oRASSA, M‘Coy, Syn. Carb. Foss. Ireland, pl. 29. fig. 1. 
Fenestella laxa, Phill., Geol. Yorks. pl. 1. figs. 26-30. 


In point of size of interstice &e. this is the largest of the British 
species. Both Phillips and Prof. M‘Coy have described it, the 
former imperfectly, the latter with care and accuracy. Prof. M‘Coy 
says that his species is allied to that of Phillips, but possesses dis- 
tinct features ; in other words, his specimen was not so much worn 
down as that of Phillips. Prof. M‘Coy’s is by far the fullest and best 
description of this species, and I propose to retain the name given 
to it by him. 


FENESTELLA PoLyporaTA, Phill., Geol. Yorks. pl. 1. figs. 19, 20. 


Fenestella multiporata, M‘Coy, Syn. Carb. Foss. Iveland, pl. 28. 
fig. 9. 


This species in size is intermediate between Fenestella crassa, 
M‘Coy, and Fenestella plebcia, M‘Coy. Both Phillips and M‘Coy 
describe the denuded form of the species. M<‘Coy based the difference 
between the two species upon the absence of keel in Fenestella 
polyporata, Phill., and its presence in Fenestella multiporata, M‘Coy, 
which means that /. polyporata had been rather more denuded than 
F. multiporata. The almost perfect remains of an individual of 
this species which I have recently discovered have the cell-pores 
prominent and projecting, and the keel with spiny processes at 
intervals. As Phillips has fairly drawn the denuded form, it is only 
right that the name which he gave to it should be retained. 


FrnEstELLA NopuLosa, Phill., Geol. Yorks. pl, 1. figs. 31, 32, 33. 


Fenestella frutex, M‘Coy, Syn. Carb. Foss. Ireland, pl. 28. fig. 10. 

F, bicellulata, R. Eth., jun., Mem. Geol. Surv. Scotland, sheet 23, 
Tn IOI 

Actinostoma fenestratum, Young, Q. J. G. S. vol. xxx. p. 681. 


In size of interstice this interesting species occupies a midway 
position between Fenestella membranacea, Phill., and Fenestella 
plebeia, M‘Coy. It is not so common as the latter. It is very 
regular in its mode of growth, and is altogether an object of con- 
siderable beauty. Its early growth much resembles a tiny shrub, 
as mentioned by Prof. M‘Coy. In this stage it has a distinct stem 
or footstalk with parallel interstices having dissepiments describing 
a series of semicircles around the base. This is the Fenestella frutew, 
M‘Coy. The mature but worn-down form is the Fenestella nodu- 
losa, Phill. As we approach the more perfect condition of the 
polyzoon we have the Fenestella bicellulata, R. Eth., jun., with 
spiny projections on the keel. In Actinostoma fenestratum, Young, 
as before remarked, we have possibly its full development and the 
true type of the species. It is characterized by round and promi- 
nent pore-cells with circular mouths set with eight denticles, and a 
keel studded with spiny processes. Examples of this variety I have 
found in all stages of mutilation; step by step have the various 
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details been removed until it is plainly the Fenestella nodulosa, Phill. 
The connexion between the two forms can scarcely be more closely 
established, every link in the chain is complete. 

It is quite true that the early workers among the Polyzoa failed 
to see the true generic form of Fenestella. The circumstance that 
we have it now clearly established in these ornate forms of the 
Fenestellide scarcely warrants the creation of a new genus for their 
reception. It is admitted that the group has hitherto been only 
imperfectly described, and that the genus needs revision. This I 
hope to accomplish shortly. When this is done, the retention of 
Actinostoma will be unnecessary. I see no objection to the retention 
of Phillips’s name for this species, Fenestella nodulosa, even with the 
additional details to be given to it. 


FENESTELLA MEMBRANACEA, Phill. 


Fenestella tenuifila, Phill., Geol. Yorks. pl. 1. figs. 23, 24, 25. 

EF, hemispherica, M‘Coy, Syn. Carb. Foss. Irel. pl. 29. fig. 4. 

F, flabellata, Phill., Geol. Yorks. pl. 1. figs. 7-10. 

Hemitrypa hibermca, M‘Coy, Syn. Carb. Foss. Ireland, p. 205, 
pl. 29. fig. 7. 

The above are the most minute and delicate of the British forms. 
In size and specific characters they are all, within reasonable limits, 
identical. 

Fenestella membranacea, Phill., differs in shape from all the other 
Carboniferous varieties. The commencement of its growth was a 
hollow cone with anchoring rootlets ; the cone rapidly widened and 
expanded outwards, forming folded and lobed fronds around the 
original cone. The cone is Fenestella membranacea, Phill.; the 
upper and expanded part of the polyzoarium is known as Fenestella 
flabellata, Phill., and Fenestella tenwfila, Phill. Sometimes the 
conical base commenced its outward extension somewhat earlier, 
causing it to assume a somewhat globose shape; in this state it is 
the Fenestella hemispherica, M‘Coy. It is only right that I should 
state that W. H. Baily regards Fenestella membranacea, Phill., as 
identical with /. hemispherica, M‘Coy *. 

Now as to these synonyms: looking.to the complete agreement 
which exists as to pore-cells, interstices, and dissepiments between 
Fenestella membranacea, F. tenuifila, and F’. flabellata there need be 
no doubt or hesitation in allowing the ‘spreading corallum” in 
Prof. M‘Coy’s description of Fenestella flabellata to resume its right 
place on the “elongate conical polyzoarium ” of Phillips’s Fenestella 
membranacea. Inso doing we not only make it a “ thing of beauty,” 
but, what is still more important, restore it to its true life-form. 

I will now allude to the genus Hemitrypa, M‘Coy. As such 
its claims are not now for the first time called in question. It is 
described as having “ an internal network covered with an external 
sheath,”’ while of Hemitrypa hibernicat we are told that “the in- 


* Baily’s Paleozoic Foss. p. 107. 
+ M‘Coy’s Syn. Carb. Foss. Ireland, p. 205. 
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ternal network is keeled and poriferous, as in Fvnestella, indeed 
resembles Fenestella membranacea.” 'To complete the evidence as to 
the connexion of Hemitrypa with Fenestella, W. H. Baily says of 
Fenestella membranacea, Phill., that ‘it exhibits impressions cor- 
responding with the condition of the fossil named Hemitrypa hiber- 
nica, M‘Coy.” Lonsdale, an early worker among the Polyzoa, has 
something to the point. Writing, in 1844, of Hemitrypa sewangula*, 
from Van Diemen’s Land, he says of it “ that it is not merely ‘ like 
some Fvnestella, but it possesses all the essential characters of that 
genus, and is believed to be a fragment of Fenestella fossula, Lonsd.” 7. 
Then he goes on to say, “‘ Of the true nature of the external net- 
work no opinion is ventured. ‘That it was a parasite, little doubt is 
entertained; and the interesting agreement between the space 
occupied by the double row of meshes and that of the parallel 
branches of the Fenestella arises apparently from the latter having 
afforded suitable base-lines for attachment.” There can be no doubt 
that the interior portion of Hemitrypa hibernica is a true Fenestella ; 
nor need we be in any doubt as to the species. Only one, Fenestella 
membranaced, Phill., has a conical base. The difficulty has always 
been the external sheath. It is important to mention that the same 
form is parasitic on brachiopods and crinoids, as well as Fenestella. 
Its connexion therefore with Venestclla is accidental and not . 
structural. It is without doubt a small coral common to the 
limestone, very similar to Mlustra palmata, M‘Coy t, the empty 
calices of which cover over and conceal the Fenestella beneath. 
Hemitrypa, as we have seen, has Kenestella membranacea, Phill., for 
the groundwork and a microscopie coral er polyzoon for the super- 
structure. 

Prof, M‘Coy has a note to the effect that “ Hemitrypa hibernica, 
M‘Coy, is possibly only the perfect state of Kenestella”§. We have 
seen that Actinostoma, and not Hemitrypa, furnishes the true type 
of the genus enestella. 

It is perhaps best to retain the name of Fenestella membranacea 
given to this species by Phillips; otherwise, from its unique form, it 
might well be distinguished as Fenestella carbonaria. 

The remainder of the Carboniferous species of MFenestella (six in 
number) are of doubtful character. Of Fenestella intertexta, Portl.||, 
it is enough to say that it has none of the characteristic marks of 
the genus. It is not a Fenestella. On the other hand, Gorgonia 
regularis, Portl.{], from the Silurian, is a true M Giestolla.: ; and the 
description, which is exceedingly true of Fenestella growth, is as 
follows :—‘‘ Grows from a central attachment into a circular flat- 
tened expansion. The stems are slightly branched, wiry, rather 
distant, and united by regular dissepiments.” 

* Darwin’s 2nd Voy. Beagle, pt. 2 4 p- 167. 

Ar Darwin's 2nd. Voy. Beagle, pt. 2, p. 168. 

+t M‘Coy’s Syn. Carb. Foss. Treland, pl. 26. fig. 14. 
§ M‘Coy’s Syn. Carb. Foss. Ireland, p- 205. 


I Geol. Londonderry, p- 324, pl, xxii A. fig. 3 
* Ibid, p. 323, pl. xx, fig. 6, 
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Fenestella arctica, var. scotica, Ether., jun., is a recent addition to 
the list *. It is unfortunate that in neither the species nor variety 
was the poriferous face in a condition to admit of description. In 
the absence of all reliable specific details they must be regarded as 
doubtful. I have previously given my reasons for believing that 
Fenestella arctica, Salt.7, 1s the. last stage of Fenestella plebeia, Mt Coy. 
Tn this view I am eoatemed by the examination of some specimens 
from the shales of High Blantyre. 

Here occurs a species which on the reverse answers fully the 
description of Hvnestella arctica, Salt. On lifting this reverse from 
the shale by the process made known by Mr. John Young, F.G.S., 
the obverse is seen to have the true characters of Fenestella plebera, 
M‘Coy, and with scarcely a trace of the zigzag markings which on 
the reverse serve the purpose of a bracket under the dissepiment to 
support the increase of growth in the polyzoarium. 

Fenestella Morrisii, M‘Coy +, in the Woodwardian Museum, is in 
a condition that defies specific definition. It is often found in the 
Carboniferous strata that water has removed the whole or part of 
the organic remains. In the case of Fenestella the first portions to 
disappear are the thin dissepiments, leaving an irregular number of 
pores between the remaining dissepiments. Both Fenestella Mor- 
visti, M‘Coy, and LIenestella quadradecimalis, M‘Coy §, I believe, 
have originated in this way. This is partly borne out by what 
Prof. M‘Coy says of Fenestella Morrisiz, “ dissepiments thin, often 
disappeared.” 

The interstices and dissepiments of Lenestella quadradecinalis, 
M‘Coy, are also described as thin, evidently water-worn. ‘The ex- 
planation of these forms probably is that Fenesteila Morristi, M‘Coy, 
is a fragment of Menestella plebeia, M‘Coy, from which alternate dis- 
sepiments have been removed. In Menestella quadradecimalis, M‘Coy, 
the same thing has occurred to Fenestella polyporata, Phill., giving 
twice the usual number of pores between the dissepiments. This 
loss of dissepiments in /nestedla is a very ordinary occurrence, and, 
in the case of fragments, likely to mislead, as the means of correc- 
tion are not to hand. Hall figures a Fenestclla (prisca) with the 
dissepiments absent There still remain unnoticed Fenesiclla 
oculata, M‘Coy, Fenestella cjuncida, M‘Coy, and Ienestella varicosa, 
M‘Coy. ‘They are mostly unknown to the most diligent workers 
among the Polyzoa. Small picces may be found haying more 
or less divergent features; but it is a question whether these are 
distinct species or mere variations in growth, such as often occur 
on large fronds, and in so marked a manner that, by the same rule, 
two, three, or even four supposed species might be made out of a 
portion only of the polyzoarium. It is significantly said of Wenes- 
tella oculuta by Prof. M‘Coy that it “ occurs only in fragments.” 


* Ann. & Mag. Nat. Hist. ser. 4, vol. xx. p. 31. 

: Belcher’s Arctic Voyage, 1855, vol. ii. p. 385, t. 36. fig. 8, 
{ Syn. Carb. Foss. Ireland, pl. 28, fig, 14, 

g Ibid. pl. 28. fig. 13. 

I Hall's Palxont. New York, vol, ii, pl, xix, fig. 44, 
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Fragments of Fenestella are not always to be relied upon for the 
purposes of classification. It is clear from what has been said that 
if fragments of Polyzoa had been less relied upon by describers, 
much of what has been written in this paper would have been un- 
necessary. 


Discussion. 


Mr. Dr Rance bore witness to the great industry of the author 
in working out this question, and to the value and excellence of 
preservation of the specimens derived from the Halkin-Mountain 
quarries. 
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23. On a new Group of Pre-Camprian Rocks (the ARVONTAN) in 
PrmBRoKESHIRE. By Henry Hicks, M.D., F.G.8. With an 
Apprnpix, by T. Daviss, Esq., F.G.S. (Read February 5, 1879.) 


= 


Durtné my researches in Pembrokeshire last year, I was fortunate 
enough to discover some new areas of Pre-Cambrian rocks, and, 
moreover, to make out that the rocks which chiefly occupied those 
areas were generally unlike those which I had previously described 
under the names Dimetian and Pebidian. 

Indeed it soon became evident that the majority were of a kind such 
as had not previously been recognized, at least to any extent, in the 
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i Fig. 1.— Sketch Map of St. David’s Head and the neighbouring parts 
) of Pembrokeshire. (Scale about 6 miles to 1 inch.) 
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British Isles. They were marked on the Geological Survey Maps as 
intrusive felstones ; but a very cursory examination proved that they 
were not of that nature, and that they were in reality bedded sedi- 
mentary rocks which had undergone metamorphic change. ‘The first 
area which I propose to describe lies about five miles to the N.W. of 
Haverfordwest. It has a general E.N.E. strike, is narrow towards 
the west, and widens out eastward and there throws out two arms 
which at their extremities are distant about two miles. The 
actual width exposed at its greatest breadth is rather over a mile; — 
and as the beds appear everywhere nearly vertical and not repeated, 
we have probably a vertical thickness of strata shown of not much 
less than a mile in extent. The ridge formed by these rocks is for 
the most part barren and wild-looking, and the highest point, called 
Plumstone mountain, attains to a height of nearly 600 feet. Lower 
Cambrian rocks rest upon it alone the N.W. edge for about two 
thirds of the distance, and faulted Lingula-flags along the remainder. 
The southern and eastern sides are also in contact with faulted 
Lingula-flags for the most part, though at some places Lower Silurian 
rocks have been brought down against it. Roch Castle, an old 
fortress, and a very conspicuous object on the road-side between 
Haverfordwest and St. David’s, stands almost on the western ex- 
tremity of the ridge ; and as the rocks are very well exposed at this 
point, the spot is a very favourable one for their examination. In 
colour they are mostly of a dull yellowish-grey tint, though some of 
the beds are light and very quartzose in appearance, others dark 
and cherty-looking. The lighter ones also are frequently banded in” 
deeper tints. Some, again, appear at first sight asif porphyritic from 
grains of quartz ; but these, it will be seen, are identical in character 
with the others when examined under the microscope. ‘The texture 
usually is hard and flinty, and they break frequently with an im- 
perfect conchoidal fracture. Others have a more horny fracture. 
I have had several microscopical sections made of these rocks; and 
Mr. T. Davies, F.G.8., of the British Museum, has kindly given 
descriptions of these in the Appendix (Nos. 1, 2, & 3). Speaking 
generally, the rock may be described as a “microcrystalline mass 
of quartz-grains with some interstitial light-grey substance, haying 
but little action on polarized light.” But the chief peculiarity consists 
in the manner in which the quartz is separated away into nests, so 
as to give that curious porphyritic appearance already mentioned. 
The mode of behaviour of the quartz also here is particularly in- 
teresting and instructive in regard to the changes which many 
crystalline rocks have undergone, especially the gneisses. In some 
cases the quartz is seen in distinct fragments, but yet coalescing, 
as if attracted together by some natural affinity from the surrounding 
material. In the next place the grains are so compressed together 
(and yet distinctly fragmentary) that all other material is removed, 
and nests of pure quartz grains only are seen, having a very crys- 
talline appearance. By this selective process also the darker material 
is brought together and made to fold round the nests, so that a 
banded or imperfect flow-structure is given to the rock, All this 
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looks as if an incipient gneiss was being formed, the metamorphic 
action being incomplete, a kind of semi-metamorphism and softening 
haying taken place sufficient only to allow the particles to arrange 
themselves according to their natural affinities. Jn general, as well 
as in microscopical appearance, this rock is so like the ‘“‘ Halleflinta” 
of the Swedish geologists, that we propose for the present, in the 
absence of a satisfactory English term, to give that name to all the 
rocks of this type in our descriptions. Though the group may be 
said to be chiefly characterized by these hillefiintas, we yet find 
associated with them true quartz-felsites, evidently old lava-flows, 
and some volcanic breccias. It is a highly acid group on the 
whole; and much of the matcrial which has entered into the com- 
position of the hiilleflintas was probably derived either directly as 
fine dust from volcanos, or from the breaking up and denudation 
of acid voleanic lavas, combined, of course, with a certain propor- 
tion of ordinary marine sediment. 

The next area to be described is in a line with the former, though 
separated from it by a considerable thickness of Lingula-flags and 
other Cambrian beds, which have been dropped between by faults. 
This has a length of about five miles, with an average width through- 
out of over a mile. Along its north-western edge the Lower Cam- 
brian beds occur as in the former case, and between these and the 
true hialleflintas are altered schistose beds probably of Pebidian age. 
Its eastern edge is a line of fault, with Silurian rocks abutting against 
it. The southern line has in parts also some overlying Pre-Cambrian 
rocks (Pebidian) resting upon it, and in other places Silurian rocks 
brought against it by faults. The evidence here is conclusive as to 
the position which the group must occupy in the Pre-Cambrian for- 
mations, especially when combined with the information subse- 
quently obtained from other areas. We see at once that it is Pre- 
Cambrian from the way in which Cambrian rocks are everywhere 
brought down against and upon it. We also see that it is Pre- 
Pebidian, as these last he upon it, and fragments of the hilleflinta 
are frequently found in the Pebidian conglomerates. The evidence 
to be brought forward will also show that it is not of Dimetian age, 
but subsequent to that formation. It is clear, therefore, that it 
holds an intermediate position between the Dimetian and Pebidian 
formations, and is not of the age of either. or this reason I pro- 
posed at the last meeting of the British Association in Dublin to 
eive to the group a new name; and it was then thought that, as these 
rocks were also found by us to occupy some areas in Caernarvon- 
shire, the name “ Arvonian,” derived from the ancient name for 
Caernarvon, would be an appropriate one. The general character 
shown by the rocks in the area now described is similar to that 
found at Roch Castle. They are for the most part true hilleflintas, 
and excellent sections may be seen in the gorge through which the 
western Cleddau river flows, and the road from Haverfordwest to 
Fishguard passes. The “'Treffgarn Rocks,” very prominent wea- 
thered masses of these rocks, are seen for a considerable distance 
along this road, and yertical cliffs of considerable height occur close 
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2.—Section from near Treffgarn Bridge to the north of Ford Bridge on the Road from Haverfordwest to Fishguard. 
(Scale, 6 inches to 1 mile.) 
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to the road-side, and offer very 
favourable opportunities for their 
examination and for the collection 
of specimens. 

Another area of these rocks oc- 
curs to the N.W. of those just de- 
scribed, here also running in a di- 
rection from N.E. to §8.W., and 
parallel to and apparently flanking 
towards the $.E. the Dimetian 
axis of Brawdy and Hayscastle. 
The detached mass on the coast, 
in a line with this ridge, is also 
more of the nature of these rocks 
than of the Pebidian or Dimetian. 

It will be seen also that they 
form a considerable proportion of 
the so-called Dimetian axis at St. 
David's. 

In my last paper on the Dime- 
tian and Pebidian rocks of St. 
Dayid’s*, I called attention to the 
fact that the series 1 and 2 in the 
general section there described 
were lithologically very unlke 
the series 4, 5, 6, and 7, which 
I stated formed the bulk and ty- 
pical portions of the Dimetian. 
The series 1 and 2 were called 
generally quartz-porphyries and 
quartz-felsites, and were then sup- 
posed to have either a volcanic or 
intrusive origin. ‘They were also 
excluded in the calculation of the 
thickness of the Dimetian on ac- 
count of their doubtful character 
and dissimilarity to the rocks of 
that group. But as at that time 
there was no evidence to show that 
these were distinct from the Di- 
metian in any other way than in 
their mode of origin, and as, more- 
over, it was clearly seen they could 
not be allied to the Pebidian (since 
the latter everywhere rested upon 
them unconformably), I felt justi- 
fied in keeping them with the Di- 
metian. 


* Quart. Journ, Geol. Soc. yol, xxxiy. 
p. 153, 
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The discovery of new areas, however, has now made it clear that 
these quartz-felsites are more characteristic of the Aryonian group, 
and usually in association with the halleflintas; and that at St. 
Dayid’s, as elsewhere, they are for the most part old rhyolitic lavas 
interstratifying rocks of the true hiilleflinta type. 

Much of the ground to the N.E. of St. David’s is obscured by 
drift, bogs, and mossy ground, and hence some difficulty has been 
experienced in unravelling it satisfactorily. I have, however, by 
carefully tracing all lines of streams, the materials derived from deep 
wells, as well as all quarries that could be found, now proved con- 
clusively that at least two thirds of the central axis will have to be 
associated with the Arvonian—or,, in other words, that nearly all 
of the red patch, coloured as syenite and felstone in the Geological 
Survey Map, to the N.E. of St. David’s will have to be assigned 
to that formation, the lower portion only, that of which I have 
already given sections, being Dimetian. 

The discovery of the new areas already referred to, viz. of Roch 
and Treffgarn, and of a new type or group of rocks there, has cleared 
up much of the difficulty which we had to deal with in the rocks of 
St. David’s and in North Wales; and I venture to hope that it has 
given us the clue by which many other areas hitherto doubtful may 
be unrayelled. 

The junction of the Arvonian with the Dimetian may be seen 
at St. David’s, about a quarter of a mile to the south of the Cathedral 
and near Rock House. ‘The Dimetian is well exposed at Bryn-y- 
garn, where it stands out as a prominent ridge. A little to the 
north of this there is a slight depression in the surface of the ground ; 
and this I consider to mark a line of fault, for immediately beyond 
this the Arvonian rocks are seen striking up towards the ridge. The 
lowest beds, as seen on the road-side near the Deanery, show some- 
what of a brecciated appearance ; but when the rock is submitted to 
microscopical examination this character is less evident, and it may 
possibly be a form of brecciation in situ. Both this rock and the 
immediately succeeding one, according to Mr. Davies’s descriptions 
(Nos. 4 and 5), come sufficiently near the halleflinta type to associate 
them together. ‘The difference in any case between them and the 
Dimetian is most marked; and the abrupt junction between the one 
and the other at this point has led me to place here the line of 
demarcation. Succeeding these, as we trace the line to the N.E., 
are the quartz-felsites and porphyries mentioned in my former 
paper, and which are well exposed near the church and _board- 
schools. No. 6 in Appendix also comes from this point. Nearly 
opposite this, on the east side of the ridge, between Trepewet and 
Clegyr, true hiilleflintas are found, in some cases showing a brec- 
ciated appearance, but in others the compact variety found at Roch 
and Treffgarn. These show, under the microscope, the characteristic 
nests of quartz, and one of the brecciated ones is described by Mr. 
Davies in No. 7. In association with these are found the quartz- 
porphyries of the Church-school quarry type; and resting uncon- 
formably upon the whole are the great agglomerates of Clegyr 
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Hill, the base beds of the Pebidian, which are made up chiefly of 
masses of Dimetian rocks, of quartz-felsites, spherulitic felstones, 
and halleflintas, and all im the condition in which they are now 
found composing the underlying ridges. From this evidence it is 
tolerably clear that the position of the Arvonian or hilleflinta group 
is intermediate between the Dimetian and the Pebidian, and that 
there is, at least in this area, very clear proot of unconformity, 
and hence of a lapse of time having intervened. 

From this point to near Llanhcwell there are but few exposures ; 
but it is clear from the rocks that I have been able to examine that 
they are much of the same character as those nearer St. David's, 
an alternating series of true halleflintas, breccias, and quartz-felsites 
usually striking across the axis. Near Caervoriog Bridge, the Pebi- 
dian agglomerate is made up in some cases almost entirely of masses 
of halleflintas. At and about Llanhowell the rock is of a lighter 
appearance than further south, and a section has been examined 
(No. 8, Appendix). 

Beyond this, and extending as far as the great HE. and W. fault, 
hallefiintas and breccias, with some quartz-felsites, are again the pre- 
vailing rocks (vide No. 9, Appendix). 

All along the flanks of this axis on either side and dipping away 
from it are found either Pebidian or Lower Cambrian rocks, the 
former everywhere along the N.W. and nearly along the whole 
of the §.E. side. The N. end is cut off by the HK. and W. fault, 
and Upper Cambrian and Lower Silurian rocks have here been 
brought against it. Two other masses of Arvonian rocks are found 
in a line to the east of the north end of the ridge; and these in their 
lithological characters are almost identical with those described from 
the axis. 

The prevailing characters in the three formations of Pre-Cambrian 
rocks now made out in Pembrokeshire may be briefly defined as 
under :— 


a. Micaceous, talcose, and chloritic schists, with slaty and 
. q z . . . . 
| massiye green bands containing epidote, serpentine, 
Pebidian ... 4 &e. 
| 6. Tuffs, indurated ashy shales, breccias, silvery schists, 
porcellanites, conglomerates, and agglomerates. 
Aryonian... Breccias, halleflintas, and quartz-felsites. 
gilt He Quartzose rocks, granitoid gneiss, and compact granitoid 
Dimetian.. 5 eae 
rocks with bands of crystalline limestone. 


Speaking generally, it may be said that the state of alteration or 
metamorphism exhibited by the rocks in each of these formations is 
in proportion to their age, the Dimetian being the most highly 
altered, and the Pebidian the least so. 

This, however, will not apply to cvery member in each group ; for 
some materials, as is well known, tend to change more readily than 
others. For instance, deposits which are of chemical origin, or 
even partially so, naturally assume a more crystalline appearance 
than those entirely made up of detrital materials. Again, sediments 
largely made up of volcanic materials readily put on a metamorphic 
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aspect; and this is increased also by the frequent presence of crystals 
or fragments of crystals derived directly from voleanos, and some- 
times also from the denudation of igneous rocks. Then, again, 
rocks made up of large fragments and rough materials are, on the 
whole, less easily attacked than those of a more homogeneous nature. 

Hach of these formations, however, by the majority of the rocks 
composing them, show a state of alteration peculiarly characteristic’; 
and irom this fact, as well probably as from the original nature of 
the materials out of which they were formed, the rocks of each group 
are easily recognized after a very slight acquaintance with them. 
Indeed so curiously marked is this in the various areas examined, 
that by lithological characters alone one was frequently instinctively 
lead to recognize their presence where they were previously quite 
unsuspected. It is evident also that these are not local peculiarities 
only, but of very wide application, since the descriptions given by 
some Swedish geologists of similar rocks in their own country indi- 
cate that they are, approximately at least, of the age of these rocks. 
Again, rocks of a like nature have been described in America by 
Professors Hunt, Hitchcock, and others; and these, again, appear to 
hold a somewhat equivalent position in geological succession. 


Apprnntx on the Microscorican Srructurz of some Arvontan Rocks 
from PemproxesHiIreE. By THomas Davis, Esq., F.G.S. 

1. Loch Castle, Pembrokeshire (p. 286).—This rock, which presents 
the external aspect of a hornstone, when examined in a prepared 
section under the microscope is seen to consist mainly of a erypto- 
erystalline ground-mass which, in numerous nests and fissure-like 
groups, is developed into a microcrystalline structure. Examined 
with a high objective, this cryptocrystalline mass is resolved into 
grains which exhibit, both in ordinary and in polarized light, the cha- 
racteristic aspect of quartz, and is found to contain as an interstitial 
ingredient a lght-grey, somewhat indefinable constituent, having 
but little action on polarized light, and which, from its great resem- 
blance to the known felsitic substance of many of the quartz-felsites, 
constitutes the felsitic portion of the rock. The nests and fissures 
(resembling groups of coarser structure) present a rude parallelism 
suggestive either of an incipient foliation or of a stratification. 

The whole mass is traversed by numerous well-defined fissures 
(quite distinct from the fissure-like groups), which are filled with 
a clear crystalline quartz, probably of subsequent origin. Very 
numerous acicular crystals and spots of an undeterminable sub- 
stance (which, with a high power, are found to depolarize light and 
to assume a rich brown colour) are disseminated through the whole, 
accompanied by an opaque black mineral resembling magnetite. 

2. Roch Castle (p. 286).—The compactness and dull splintery 
fracture of this rock recall still more than the preceding the charac- 
teristics of ahornstone. Its structure likewise, as exhibited under the 
microscope, bears a marked resemblance, but is characterized by some 
well-defined differences, In places an exceedingly fine dust in the 
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cryptocrystalline base is enclosed in wavy bands, which appear to have 
been disturbed in their parallelism by the subsequent development 
of the microcrystalline nests. These nests and also the fissure-like 
groupings are distributed throughout, and are encircled by bands 
of a fibrous chalcedony, the structure of which is well exhibited with 
polarized light, the foliation or stratification being more markedly 
illustrated than in No. 1. In one part of the section of this rock 
undoubted angular fragments, distinct in size and shape from the 
mass, are enclosed, affording further evidence of its probable original 
sedimentary origin. Similar minute needles and spots of the opaque 
and sometimes translucent brown mineral are present here as in 
No. 1. 

3. Treffgarn Rocks on Fishguard Road (p. 287).—Another rock of 
the same type as the two preceding, its structural peculiarities being 
almost identical with No. 2. The nests of quartz are, however, 
somewhat coarser-grained, while the indications of foliation or stra- 
tification are not so distinct. Exceedingly minute needles are dis- 
tributed throughout, here and there aggregated into dense groups. 
Under a high objective these are resolved into very distinct trans- 
parent crystals, which depolarize ight. I have not yet been able 
to satisfy myself as to their mineral nature, but believe them to 
be related to hornblende. With these are associated numerous 
opaque or semitranslucent crystals, occasionally presenting a hexa- 
gonal section, and which are probably magnetite. 

The macroscopical and microscopical characters of these rocks are 
so remarkably like those of the hilleflintas from Sweden, that they 
are not to be differentiated by means of the microscope. The same 
variations in texture, the indefinite character of the interstitial 
felsitic constituent, the presence of the numerous acicular crystals 
(only seen to be such by the use of high objectives), are also cha- 
racteristic of their Swedish prototypes, to which I propose to refer 
them; and so far as their present structure (as determined by the 
microscope) can indicate their origin, it would appear to have been a 
sedimentary one. 

4. Road south of the Deanery, St. David’s (p. 289).—This is a 
greenish-grey rock with blackish-grey spots, and exceedingly fis- 
sured ; this and its spotted character give it the aspect of a breccia. 
Examined in thin sections it presents a microcrystalline ground-mass 
of quartz and felsitic matter with a thickly distributed undeterminable 
dark grey dust-like substance, much resembling that found in many 
of the so-called “ volcanic ashes,’ mingled with grains of a black 
opaque mineral with the habit of magnetite. The spotted appear- 
ance of the rock is due to the denser aggregation of this substance 
in patches, associated with viridite. Crystals or parts of crystals of 
felspar, mostly orthoclase, are occasionally discernible, while indis- 
tinct columnar crystals of a grey colour, becoming black between 
crossed Nicols, are thickly distributed in parts of the ground-mass. 

5. Road south of Deanery, St. David’s (p. 289).—Apparently the 
same rock as No. 4, but the brecciated aspect is here not apparent. 

A thin section discloses a coarser microcrystalline ground-mass 
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with more numerous crystals and fragments of orthoclase felspar. 
In places the felsitic matter has assumed a spherular structure, in- 
distinctly radial, and without a peripheral definition, but passing into 
the microcrystalline ground-mass; this is best observed between 
crossed Nicols. 

This absence of definition of the spherular limits of the felsitic radii 
observable here, and also in some other Arvonian rocks*, though not 
unknown in some trachytic examples, I am disposed to regard as 
evidence of a subsequent rearrangement of part of the felsitic con- 
stituent. 

6. Near Church Schools, St. David’s (p. 289).—Consists of an 
intimate microcrystalline association of felspathic substance with 
quartz-grains. The felspathic ingredient constitutes by far the larger 
proportion of the ground-mass, and has a great tendency to develop 
into small columnar crystals, which, though possessing an indefinite 
outline, are yet distinctly discernible. Here and there appear a 
crystal or group of crystals of orthoclase (as evidenced by the 
Carlsbad twins) distributed porphyritically. A similar radial-sphe- 
rular arrangement of part of the felsitic substance to that in No. 5 
is shown, but, though more distinctly developed, is much less fre- 
quent. Viridite in patches pervades the whole rock. 

7. Road east of Trepewet, St. David’s (p. 289).—A compact rock 
with a very splintery fracture, and resembling hornstone. 

Under an inch objective the ground-mass of this rock is seen to 
be exceedingly fine-grained, much of it having no action on polarized 
light, but it is variegated by patches having a microcrystalline struc- 
ture and a strongly depolarizing action. Numerous angular and 
subangular grains of quartz are dispersed throughout. 

This rock has a considerable resemblance to the hilleflintas; and 
Tam inclined to refer it to that type, but I have not yet met with a 
Swedish example presenting so decided an illustration of detrital 
origin. 

8. Llanhowel Quarry, in field north of Church (p. 290).—A light 
yellowish-grey rock, very compact, with some disseminated mica. 

Microscopical examination reveals that it consists almost exclu- 
sively of felspar and quartz. ‘The felspar constituent of the ground- 
mass is largely in the form of minute slender prisms, its orthoclase 
affinity being here and there evidenced by the Carlsbad twinning ; 
whilst that of the larger porphyritic crystals is a plagioclase, as 
indicated by the faintly coloured strive observable between crossed 
Nicols ; this felspar appears to be much altered. The remainder of 
the felspathic constituent is more indefinite, and with the slender 
prisms and the quartz-grains forms the fine-grained ground-mass, 
Some of the quartz appears as large, more or less rounded crystalline 
grains, similar to those familiar to us in the quartz-felsites. Numer- 
ous crevices are occupied by a colourless, diverging, fibrous mineral, 
which is probably an epidote. 

* Quart. Journ. Geol. Soe, vol. xxxiy. p. 164. These are Nos. 1 & 2 described 


under and then supposed to belong to the Dimetian, but now associated with 
the Aryonian on the grounds mentioned in the present paper.—H. H, 
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9. Near Bryn, S.E. of Treglemais(p.290).—A ppears macroscopically 
to be a quartz-felsite of a greenish-grey colour; it is much fissured. 

Exhibits in thin section numerous fragments of preexisting rocks 
which have been caught up in a quartz-felsite, the confused fluxion 
structure of which characterizes a .certain type of these rocks. 
Among the fragments thus enclosed are those of a rock like No. 8, 
of some hilleflintas like Nos. 1 & 3, with numerous crystals and 
fragments of orthoclase and plagioclase, also angular quartz and 
erains of magnetite. Crystalline quartz occupies numerous fissures 
and nests in the mass. 


(For Discussion on this paper, see p. 325.) 
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24, On the Pre-CamBriAN (DimeErrAn, ARVonIAN, and Pusrptan) Rocks 
in CAERNARYONSHIRE and AneLEsrY. By Henry Hicks, M.D., 
E.G.S. With an Arprnvix, by Prof. T. G. Bonney, M.A., 
F.R.S., Sec.G.S. (Read February 5, 1879.) 


Introduction. 


Wuewn exploring the districts in North Wales described in my 
paper communicated to the Geological Society in December 1877*, 
i visited several other areas, and observed, in some of these, facts 
tending to show that the Pre-Cambrian rocks had a far wider dis- 
tribution there than was then supposed ; and in a note to one of my 
papers I ventured to suggest the position which some of these, viz. 
those in Anglesey and South-west Caernarvonshire, were likely to 
occupy. With the hope of being able to arrive at a satisfactory 
conclusion as to the age and position of these, and also as to the 
true nature of some of the other great masses which were marked 
on the Geological Survey maps as intrusive in Silurian rocks, but 
which I had previously suspected to be of Pre-Cambrian age, I 
visited North Wales again last August, and was fortunate in being 
accompanied during most of the time by such experienced geologists 
as Professor Torell of Stockholm, Mr. Tawney, F.G.S., of Cambridge, 
Professor T. M‘Kenny Hughes, of Cambridge, and Dr. Sterry Hunt, of 
Montreal. Some of the facts to be brought forward in this paper 
were communicated to the British Association at the late meeting 
in Dublin ; but as the results at that time had not been fully worked 
up, and some even were obtained subsequent to that meeting, I 
have thought it advisable to bring this paper before the Society, 
as embodying not only the results then given, but many additional 
facts and observations. As I propose also to commence the descrip- 
tion with the immediately adjoining area to that treated of in my 
paper last year, it will appropriately appear as a continuation of that 
paper. 


Glynllifon and Craig-y-Dinas. 


Along the west side of the areas of Moel Tryfaen and Pen-y-Groes 
described in my former paper, there is in the Geclogical Survey 
map an extensive area coloured as altered Cambrian. It extends 
westward as far as Glynllifon, and the line to the south is marked 
as occurring at Craig-y-Dinas. On examining these rocks at various 
points, I could see nothing to indicate that they were altered Cam- 
brian beds; and on carefully tracing the line of junction between 
them and the unaltered Cambrian rocks, I found distinct evidence 
that the latter rested unconformably upon them, and hence the 


* Quart. Journ, Geol, Soc. vol, xxxiy. p. 147. + Op. cit. p63. 
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altered beds were undoubtedly Pre-Cambrian. ‘The majority of 
the rocks in this area are breccias and felspathic schistose rocks ; 
but there are also some porcellanitic and compact and schistose 
chloritic rocks. I look upon them as belonging to the Pebidian 
formation and probably unconformable to the central ridge previously 
described. In my description of that ridge * I associated the rocks 
composing it with the Pebidians also, as we were then unaware of a 
third group as distinct from the others. It seems likely now, 
however, that the more central or highly altered portion will 
have to be associated with the Arvonian, and that only the least- 
altered beds along the flanks can be grouped with the Pebidians. 
On the accompanying map (p. 297) the three Pre-Cambrian groups 
are indicated ; and places where each may be examined will be men- 
tioned in the description given of the separate areas. 


Caernarvon to Bangor. 


I propose to refer very briefly to this area, as it was partially 
described by Professor Hughes in his papery read before the Society 
in December 1877; and it has subsequently been examined by Pro- 
fessor Bonney, in whose paper it will be fully referred to. As the 
results, however, obtained by me when examining the rocks in this 
area in August last seem to bear out the interpretation which I had 
previously given to it, I feel it necessary to lay a few of the facts 
before the Society. In the former paper I stated that ‘‘ represen- 
tatives of the two great unconformable series, Dimetian and Pebidian,” 
occurred in Caernarvonshire. “ With the former of these I would 
associate the so-called syenitic ridge (granitoid rocks) of Caer- 
naryon; and with the latter the altered beds which rest directly on 
the syenite ridge towards Bangor.” These expressions were used 
after a careful examination of portions of the area in 1877; but I 
felt it necessary to devote more time to the district before venturing 
to express myself more strongly on these points. The results 
obtained in our explorations last year have fully borne out my 
previous views; and it is also a great source of satisfaction to 
find that the careful labours of Professor Bonney, both in the 
field and with the microscope, tend also in every way to confirm 
those views. 

The new facts which I need to refer to chiefly bear upon the vary- 
ing character of the rocks as we proceed from Caernaryon to Bangor. 
At Caernarvon the true Dimetian type is found. About four miles 
to the north of this, on the road to Menai Bridge, a sudden change 
takes place, and a greenish-grey compact rock is seen haying more 
of the character of some of the Aryonian or hilleflinta rocks of 
St. David’s than of the Dimetian. The microscopical examination 
of this rock is given by Professor Bonney in the Appendix, No. I. 
I believe it will be found that a stratigraphical break on a fault 
occurs near here, and that rocks belonging to two distinct formations, 
Dimetian and Arvonian, are thereby brought into contact. These 


* Quart. Journ. Geol. Soc. vol. xxxiy. p. 147. t Ibid. p. 137. 
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Sketch Map showing the Pre-Cambrian Rocks in Anglesey and Oaer- 
narvonshire. (egal about 6 miles to 1 inch.) 
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are succeeded by quartz-felsites of the true Aryonian type (with 
probably some bands of hiilleflintas), which may be traced con- 
tinuously to near Bangor, where the Pebidian beds, I believe, rest 
upon them unconformably. 

According to this view the three formations made ont in Pem- 
brokeshire are found closely associated also in Caernarvonshire; and 
the evidence, as there, seems to point to their being unconformable 
here also to one another. 

How far these unconformities may be considered as evidence of 
important changes or simply as local accidents, it is of course im- 
possible to say ; but it seems as if a considerable lapse of time was 
indicated, and that other formations may possibly have even inter- 
vened, from the different state of metamorphism in which they are 
found, and the different direction usually cf the strike in the beds 
in each formation, which, if constant, would certainly mean dif- 
ferent periods of upheaval. 


Lleyn Promontory. 


In the Lleyn Promontory, or that part of Caernarvonshire which 
gradually tapers towards the $.W., with an imaginary base-line 
drawn from Clynnog-fawr on the one side to Criccieth on the other, 
numerous masses of so-called intrusive rocks are marked on the 
Geological Survey maps. That some of these are, as supposed, intrusive 
masses, which have altered to some extent the surrounding rocks, 
there can be no doubt; but that by far the larger proportion 
are not so, and do not in any way alter the beds in contact with 
them is equally certain. That many of these also are of Pre- 
Cambrian age I think I shall be able to prove, though, in the ab- 
sence generally of true Lower Cambrian rocks in this area, the evi- 
dence has to be based frequently on the general character of the 
rocks themselves and the behaviour of the beds in contact with 
them. I may say also that as no contemporaneous lavas of Lower 
Cambrian or even Upper Cambrian age have been recognized in 
Caernarvonshire, this fact will be considered as of importance in 
attempting the correlation of the rocks, though not as absolute proof 
alone. In the term Upper Cambrian I include the rocks now gene- 
rally recognized as Lingula-flags and Tremadoce rocks only. 

The rock of Mynydd-y-Cennin is described by Professor Ramsay 
as “a quartz-porphyry similar to that of Llyn Padarn near Llan- 
beris, and probably having a like origin ;” this is therefore un- 
doubtedly an exposed portion in continuation of the Llyn-Padarn 
and Moel-Tryfaen ridge, and, like it, of Pre-Cambrian age. The 
Lower Cambrian rocks have here been faulted down ; but they are still 
surrounded, partially at least, by beds of Upper Cambrian age, and 
which are not in the slightest degree altered at the junction. The 
mass to the north of Clynnog-fawr is of the same character, and also 
surrounded by Upper Cambrian rocks, and on the one side by even 
Lower Cambrian beds also unaltered in contact. The masses 
further south, and forming the mountains of Bwlch-mawr, Gryn-goch, 
Pen-llechog, and the beautiful and very conspicuous Eifl (or Rivals) 
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range of mountains, are in some respects unlike the rocks already 
described, but yet clearly of that type and age, with the exception 
of some dykes which haye been intruded amongst them. The main 
masses are of a highly felspathic type, chiefly old rhyolitic lavas and 
breccias, which have undergone subsequent change. The rocks 
No. II., described by Professor Bonney in the Appendix, are from 
the Hill range. In the spur of the Hifl to the south-east felspathic 
breccias and schistose felspathic rocks occur. Near the centre horny- 
looking quartz-felsites of the Llyn-Padarn and Moel-Tryfaen type, 
showing a bedded appearance (perhaps only a parallelism of joint- 
ing), are seen interbedded with rocks of the hilleflinta type. 
Further westward quartz-felsites again prevail. The detached 
mass on the coast is a kind of fine- erained granite, and is supposed 
by Professor Bonney (Appendix, } No. III.) to be of igneous origin. 
Upper Cambrian rocks, chiefly of Tremadoc age, are faulted against 
these masses, and are in no cases altered except near the dykes of 
intrusive rocks (gabbros, &c.). Lower Tremadoc fossils (Wesewretus, 
&e.) were found in beds at Pont-rhyd-Goch, a mile north of Four 
Crosses. 

The rocks forming Nevin and Boduan mountains, as well as some 
masses near Pwllheli, and to the north and south of Llanfihangel 
Bachellaeth, are of the same type as those described from the Eifl 
range (vide Appendix, No.1Y., from Boduan mountain). They are 
in the main lava-flows, breccias, or hiilleflintas, and show no cha- 
racters indicative of intrusive rocks. ‘hey are highly metamor- 
phosed, and are traversed by many intrusive dykes ; but the flow- 
structure is frequently quite apparent in the field, and a bedded 
appearance commonly shown. ‘The surrounding sedimentary rocks 
are also quite unaltered in contact with them. ‘These, therefore, we 
may I think, without fear, also place with the Pre-Cambrian 
rocks, and in their general characters they seem allied to the Ar- 
yonian. Some few of the less altered brecciated rocks found here 
and there in near association with the quartz-felsites may belong to 
the Pebidian group. The rocks, No. V. in the Appendix, are from 
the mass to the east of Nanhoron; and though in the field they look 
almost as if bedded and intermediate in character between Dimetian 
and Arvonian rocks, yet on microscopical examination this view 
does not seem to be borne out, and Professor Bonney thinks they 
are of intrusive types. 

It is satisfactory to find, however, that undoubted Dimetian rocks 
ovcur not far south of this point, and that the great mass, called on 
the Geological Survey maps Rhos Hirwain syenite, is of this nature. 
Both in the field and under the microscope the Dimetian character 
of this rock is undoubted; and there can be no difficulty in recog- 
nizing at once that we have here an old ridge of these rocks such as 

is found at Caernarvon to the north and St. David’s to the south. 
Its position here also is most instructive, as bearing out our views 
expressed with regard to some of the other areas. 

In crossing the ridge from east to west, starting from Sarn 
Meyllfeyrn, after passing some masses of intrusive gabbros with 
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Silurian beds altered in contact, the true Dimetian type is seen near 
Ty-mawr and for some distance across (vide Appendix, No. V1.). 
Eastward of this, and as we approach the so-called altered Cambrians, 
rocks of a more felsitic character come in abruptly, and it is pro- 
bable that these are of Arvonian age. Both groups are largely pe- 
netrated by intrusive gabbros, but not to the extent marked in the 
Survey maps, especially not so much so to the north of the main 
road across. The Dimetian axis here seems to run in a direction 
almost due N. and 8. Its eastern edge is a line of fault or faults, 
and along its western edge newer Pre-Cambrian rocks rest upon it. 
This condition of faulting along one side of these old rocks, with 
the entire loss of the succeeding groups, is such a frequent occur- 
rence that it seems necessary to refer specially to the physical con- 
ditions or probable causes which produced this effect. One thing 
which has become particularly evident during our researches is the 
fact that all bits of Pre-Cambrian rocks which have been included 
in succeeding sediments must have been not only in an indurated 
condition when broken off from the parent rocks, but, moreover, that 
they had even then undergone metamorphism, and the more slaty 
ones a species of cleavage. The lowest Cambrian rocks found 
are made up of bits and pebbles of these rocks; and so like are they 
frequently to the solid rocks below, that there can be no doubt 
that they were the beach-pebbles when those old rocks formed 
coast-lines. Now these old recks must have undergone gradual 
depression to receive the subsequent sediments ; and as this depres- 
sion could not take place in rigid or metamorphosed rocks without 
producing fractures, we have at once one cause for some of the 
faults, and reasons for coast-lines continuing for a considerable 
period in some cases, whilst the surrounding areas were becoming 
depressed to a great depth. The greatest faults, however, and 
those which we have most frequently to deal with, are those which 
occurred after the succeeding Cambrian and Silurian sediments 
were deposited. During the great contractions of the crust in 
Paleozoic time, especially towards its close, the rigid Pre-Cambrian 
erust could not fold, enormous fractures would take place instead, 
and the overlying rocks would be thrown down. In some cases, 
as found here and at other places, the Pre-Cambrian would be 
brought to the surface along one edge of the fracture, and its other 
edge would be depressed to a great depth. The fault in Ramsey 
Island, at St. David’s, has a downthrow of over 16,000 feet; and 
I think the one here can hardly be less—that is, if the usual sedi- 
ments found in other areas in Caernarvonshire were ever deposited 
here, and there seems no reason to suppose that they were not. 
According to this view beds belonging to many different horizons 
in geological succession would now appear on the surface faulted 
against the Pre-Cambrian rocks; and this it is that occurs 
wherever they can be examined. I have found beds occupying 
every position from the Lowest Cambrian to the Bala beds in direct 
contact with the Pre-Cambrian rocks as the result of faults. The 
constant recognition of these facts has been of great value in at- 
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tempting to unravel so difficult a region as the Lleyn Promontory 
has proved to be. 

Nearly the whole of the area to the west of the Rhos-Hirwain 
ridge is occupied by so-called altered Cambrian rocks. These, it will 
be seen, are all of Pre-Cambrian age, chiefly belonging to the Pebi- 
dian formation. 

They are described generally by Mr. Selwyn, in Professor Ramsay’s 
memoir, as ‘a series of green, grey, and purple schists, often very 
hard and siliceous, sometimes arenaceous and gritty, with large and 
small veins, beds and masses of quartz rock, also bands and patches 
of calcareous rocks, and grey and pink siliceous crystalline limestone 
occasionally burnt for lime,” and to be pierced “by numerous 
greenstone dykes, and contain patches of serpentine, and veins and 
nodules of red jasper. These beds are much contorted on a small 
scale, but their general dip is north-westerly from 25° to 50°.” In 
this concise and clear description by Mr. Selwyn we see nothing to 
indicate that these are in any way like the Cambrian rocks in other 
areas in Caernarvonshire; but his description at once calls to mind 
the Pebidian rocks of St. David’s, Bangor, and other places. Our 
personal examination of these rocks was still more conclusive; and 
I have not the slightest hesitation, after the evidence obtained, in 
associating these rocks with those of Pre-Cambrian age, and more 
immediately with those in the Pebidian formation. 

They occupy an extensive area and ‘“‘form a band (exclusive of 
Bardsey Island) 14 miles long from Bardsey Sound to Nevin, and 
generally from a mile to 2 miles wide. A long spur also proceeds 
southward from the main mass to the east coast of Aberdaron Bay,” 
where they are described as “green chloritic siliceous schists.” 
Bardsey Island also consists of similar rocks. Though frequently 
much contorted, and hence repeated in folds, it is perfectly clear 
that they, on the whole, dip away from and follow the outline of 
the axis to the east formed of Dimetian and Arvonian rocks. We 
haye therefore a succession here almost identical with the one in 
the next promontory to the south, viz. the St. David’s one. On the 
whole also the rocks representing the three formations in both 
promontories are exceedingly alike; but it is probable that in Caer- 
naryonshire a greater thickness is shown, and hence that some bands 
occur which are but imperfectly represented at St. David’s, as, for 
instance, the calcareous and serpentinous ones. ‘The unravelling of 
this district, occurring, as it does, intermediate between St. David’s 
on the one hand and the great metamorphic areas in Anglesey on 
the other, seemed to me of the utmost importance, as any interpreta- 
tion which it might offer could not fail to have an important bearing 
on several other districts in North Wales, and especially in Anglesey. 


Anglesey. 
Some previous excursions which I had made into Anglesey had 
not enabled me to arrive at any thing like a satisfactory conclusion 


with regard to some of its rocks. Fortified, therefore, with this new 
evidence, we this year again carried our investigations there ; and 
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this time with much success. It seemed but natural now also, after 
what we had seen in the other areas, that we should, in the first 
place, attempt to discover some base-line or axis from which to start ; 
and we were fortunate in discovering such a line near Ty-Croes, 
a railway-station on the Holyhead line. A little to the west of this 
point, in the Geological Survey maps, a large patch is coloured as 
granite running in a direction nearly N.E. and 8.W., and with a 
width in some places of between two and three miles. On examining 
this we soon found that we had here an almost identical rock with that 
found at Twt Hill, Caernarvon, at Rhos Hirwain, and at St. David’s, 
and that we had in reality come upon what would in all likelihood 
prove to be another Dimetian axis. This was very satisfactory ; and 
the microscopical examination of the rocks forming this ridge sub- 
sequently made has fully borne out the conclusions then arrived at 
in the field (vide Appendix, No. VIL.). 

We were fortunate also in finding on the roadside, and in a quarry 
near some cottages about half a mile W.N.W. of Ty-Croes, the 
actual junction between the Dimetian (or granitoid) rocks and the 
adjoining ones. These last appeared brecciated at this point and 
seemed to contain fragments of the granitoid rocks. Tracing these 
backwards towards Ty-Croes, this brecciated character was soon 
lost, and compact greenish-grey rocks of the hilleflinta type appeared 
to rest upon them in natural succession. To the east of Ty-Croes 
micaceous and chloritic schists again lie upon the halleflinta group, 
and dip away from the latter towards the 8.H. So that in this 
neighbourhood, and within a small compass, we meet with rocks 
belonging to three distinct formations, and in the order of suc- 
cession indicated already in other areas. The granitoid gneiss and 
more compact granitoid rocks compose the Dimetian axis. Flank- 
ing this along the eastern edge are found the breccias and hiille- 
flintas of the Arvonian; and beyond and resting probably uncon- 
formably upon these the micaceous and chloritic schists of the 
Pebidian. Professor Bonney, who subsequently examined this neigh- 
bourhood, has kindly furnished me with notes upon it, which are of 
great importance as confirmatory of our conclusions, and also as 
adding new and valuable supplementary information. They refer 
chiefly to the area west and south of the point indicated above, 
where I consider the junction of the Dimetian with the Arvonian 
occurs, and are important in showing the presence of bands of chloritic 
schistose rocks associated with the granitoid rocks here, similar in a 
marked degree to those described by me in the Dimetian at St. David's. 
The following are the notes by Professor Bonney :— 

“Tn a shallow cutting just south of Ty-Croes station (on railway) 
is a hard greyish bedded rock, like a fine felspathic grit or mudstone 
much altered. Walked along highroad towards Llanfaelog, passing 
over schist. At Felinbont the rock is a greenish grey, rather cal- 
careous, micaceous schist, of the general type so common in Anglesey, 
the foliation-planes striking N.H. and §8.W. with dip to 8.H. Came 
on to the first of the two ‘granite’ promontories of map. ‘The 
rock not a granite, but a granitoid rock like that of Twt Hill (Ap- 
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pendix, No. VII.) A little north of Penbryn is a quarry on road 
(to which we were directed as the ‘‘ hardest rock in these parts”) in a 
dull greenish-grey schistose rock (ude Appendix, No. VILL). This 
rock has, in parts, a peculiar brecciated or fragmental aspect, the 
fragments in one or two places becoming quite distinet by weather- 
ing and being angular. It is the sort of rock I should expect would 
be produced by the metamorphism of a rather basic volcanic ash. 
Crossing the creek we found, in a pit between the main and cross- 
road near the church (nearest to the cross-road), another schist with 
indications of included fragments and some appearance of a fault. 
In the road-cutting a few yards off the granitoid group of the 
former type appeared. We then followed the main road (running 
N.N.W. of Llanfaelog church) over a second ‘ granite’ promontory ; 
the ‘granite’ here is rather darker, having more of some green 
mineral (vide Appendix, No. IX.). It is obvious sly not true granite, 
and at times has an appearance as if it were made up of rolled 
fragments, such as we might suppose a coarse quartz-felspar grit, 
highly altered, would assume. . 

“ Towards the middle of the mass it is distinctly a porphyritic gneiss 
with pink felspar crystals. Just beyond ‘Siop’ is a shallow valley 
with stream running through it, Turned into field. On the slope 
we have pale-coloured gneissose rock, and near the bed of the valley 
a coarse purplish quartzose grit, with a well-bedded finer grit above ; 
dip 30° W.N.W., the nearest exposures of grit and gneiss being 
fifty yards apart. Walked along valley to railway, then turned back 
along it, entering a cutting. Here we find a dull bluish or greenish 
schist (vide Appendix, No. X.), overlying a porphyritic gneiss with 
pink felspar crystals (Appendix, No. X1.), like that eeentioded above. 
The gneiss begins about twenty yards from the opening of cutting, 
and there seems to be a slight fault at junction; but as there are 
eneissose bands on the one side and schistose bands on the other, it 
is clear the fault is unimportant (if it exist) and there is a true 
sequence. We walked rapidly back along the railway, passing 
mostly through granitoid gneiss, and noting the schistose band that 
separates the On granite ” promontories.”” 

The western edge of this axis seems to be a line of fault; for 
Silurian beds are brought down against it almost continuously along 
this side. Beyond the Silurian area the metamorphic rocks again 
occur, here chiefly in the character of micaceous, quartzose, and 
chloritic schists with bosses of serpentine. The beds here generally lie 
at rather low angles, and are frequently much contorted. The 
whole of these Toes are so well described, and their behaviour illus- 
trated, by Professor Ramsay in his excellent memoir“, that it seems 
quite unnecessary here to do more than refer the reader for an 
further information required to that work. It would be quite be- 
yond the scope of the present paper to attempt to describe minutely 
these rocks in the various districts in Anglesey. My wish only is 
to point out certain places where characteristic beds in each group 
may be found, The rocks in the last district referred to, as well as 

* Mem, Geol. Survey, vol. iii, 
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most of those in the neighbourhood of Holyhead and along the north- 
west coast, seem to me closely allied to rocks of the Pebidian forma- 
tion in other areas; and I propose, therefore, to associate them with 
that group, though possibly some, such as the rocks of Holyhead 
mountain, may prove to be of different age and probably older 
(Dimetian?). The remaining area is described as “a belt of meta- 
morphic rocks, from two to four miles wide, that strikes north-east 
from Newborough Sands across the island to Beaumaris and Llan- 
dona.” The prevailing rocks in this area, as seen, at least, on the 
road from Menai Bridge to Beaumaris, may be described as green or 
greenish grey, with a schistose foliation. Interstratified with these 
are also some hard green bands frequently containing veins of epi- 
dote. Some micaceous schists and purplish rocks are also described 
as occurring in this area. 

The rocks collectively, as seen here, are peculiarly like those in the 
Pebidian group at St. David’s, and there can, I think, be little doubt 
of their position. Vide Appendix, No. XII. 


Ffestiniog and Dolgelly. 


In addition to the Pre-Cambrian rocks now described, there are 
in North Wales at least two other areas in which they are found ; 
but as these are in the county of Merioneth, and not intimately 
associated with the districts under consideration, I hope to be able 
to describe them more fully in a future communication. One of 
these is in the neighbourhood of Ffestiniog and partly shown in 
Map, the so-called Moel-tan-y-Grisiau syenite, and was examined 
by me some years since, but has been more recently explored by 
Mr. Tawney, who has, I think, most satisfactorily proved that it 
is mainly of Dimetian age. ‘The other is in the neighbourhood of 
Dolgelly, and was recently mentioned, in my paper to the British 
Association, as being chiefly of Pebidian age. 


Conclusions. 


Collectively, these additions to the Pre-Cambrian areas hitherto 
known are large and important, and many of them were not in the 
slightest degree suspected until we commenced our researches 
amongst them a few years since. Of others, especially some of the 
rocks in Anglesey, Professors Sedgwick and Phillips many years ago 
expressed the opinion that they were older than the Cambrian rocks. 
These views, however, did not receive much support from geologists, 
but were for the time crushed by the combined weight of authority 
vested in the Geological Survey as represented by its chiefs, who all 
declared that these must be altered Cambrian and Silurian rocks 
only. Consequently they were so marked on the geological maps, 
nd still remain so, ‘ 
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APPENDIX. 


Notes on the Microscoric Srructursu of some Rocks from CAERNARVON- 
SHIRE and ANGLESEY. By Prof. T, G. Bonney, M.A., F.R.S., 
Sec. G.S. 


I. Road-side near Port Dinorwig, Caernarvonshire (p. 296). 


Tuts rock has an ill-defined granular structure, not unlike that of 
a microcrystalline quartz-felsite ; but after careful study I am of 
opinion that it is an altered rock, probably once a fine felspathic 
mud. A good many minute grains of quartz can be distinguished. 
There is a fair quantity of opacite in parts, rather earthy-looking, 
and a pale yellowish mineral in filmy microliths, perhaps allied to 
vermiculite. 


Il. From the Eifl Range (p. 299). 


(a) From the Hifl range, south-east side.—Structure cryptocrys- 
talline, the felspathic component being rather decomposed and con- 
taining many microliths, probably of secondary origin. Some opacite, 
a few larger grains of quartz and (probably) of decomposed felspar. 
I believe the rock to be a quartz-felsite. 

(6) Eifl range, east side.—Structure cryptocrystalline ; possibly 
a little glass even yet remains ; indications of flow-structure ; several 
erains of quartz and one or two of felspar. General character similar 
to the quartz-felsites described on p. 317, and like them an old rhyo- 
lite. As happens sometimes with them, the rock has been consider- 
ably crushed ; the fractures are filled in by a minutely crystalline 
mineral, showing rather bright colours with crossed Nicols. 


IIL. On coast north-west of Hifl range (p. 299). 


Structure crystalline, but rather finely so, sometimes inclining to 
porphyritic. Chiefly consists of felspar and quartz, much of the 
latter interstitial with the former rather than in separate grains ; 
also mica, iron peroxide (possibly some ilmenite), and a few micro- 
liths, possibly apatite. The felspar is rather decomposed; but a 
plagioclase as well as orthoclase can be recognized. Part of the 
mica exhibits the characteristics of biotite; but much of it is replaced 
by a green dichroic mineral not unlike chlorite, which, indeed, it pos- 
sibly is; but I think most is only one of the green magnesia-iron 
silicates which often replace biotite. I have no doubt the rock is 
igneous, but in its present condition, and without chemical analysis, 
hesitate whether to class it with the quartziferous mica-syenites or 
mica-diorites, or the fine-grained granites (the granite-porphyry 
of many petrologists). 


IV. Boduan mountain, south side (p. 299). 
Structure rather microcrystalline than crystalline; but as the 
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felspar, its chief constituent, is much decomposed, and some of the 
quartz seems of secondary formation, it is difficult to pronounce. 
‘I'he general form of the felspar suggests that a plagioclase predomi- 
nates over orthoclase. A fair amount of opacite is present, and one 
or two scales which may be an iron mica. I haye no doubt the rock 
is ali igneous one, but hesitate whether to call it a quartz-felsite or 
quartz-porphyrite. 


V. Nanhoron quarries (p. 299). 


(a) Structure generally rather like III., except that a microscopic 
graphic, sometimes almost dendritic*, structure is common. Felspar 
decomposed, but some Carlsbad twins still recognizable, so probably 
mostly orthoclase. The dark finely granular mineral visible in the 
hand specimen is seen, under the microscope, to be chiefly a pale yel- 
lowish mineral, sometimes rhomboidal in outline, having a rather 
eranular structure and fairly distinct cleavage, associated with and 
often rather clouded by opacite. I believe it to be titanite, and do not 
find either mica or hornblende. The rock is igneous, and is thus 
a kind of aplite. 

(6) The hand specimen of this rock has a general resemblance to 
the last, except that it is more compact, and the dark specks are 
blacker and more sharply defined; under the microscope the struc- 
ture is seen to be microcrystalline, consisting of quartz and felspar 
with a fair amount of iron peroxide (hematite in part) in clustered 
granules. The ‘ dendritic” structure more abundant here than in 
the last specimen ; no titanite is certainly recognizable, but neither 
mica nor hornblende are present. One or two larger crystals of 
felspar are orthoclase. The rock is a quartz-felsite. 


VI. Near Ty-mawr, Rhos Hirwain (p. 300). 


This rock exhibits the peculiar structure characterizing the grani- 
toid rocks as distinguished from the true granitesy. It chiefly con- 
sists of quartz, felspar, and mica; the first is so full of minute enclo- 
sures as to look quite ‘grimy.’ The felspar also, besides being 
rather decomposed, often does not appear to be clear. Orthoclase 
is present, some cross-hatched, as described by Mr. Rutleyt; also 
some very closely twinned plagioclase. There is a fair quantity of 


* See description of this structure, Geol. Mag. dec. 2, vol. iy. p. 508. 

+ The distinction of structure between the granites and granitoid rocks 
(that is, between those of igneous origin and metamorphic clastic rocks) is a sub- 
ject to which I have paid much attention, and on which I hope in course of time 
to communicate some notes to the Society. In the latter, for example, the 
quartz differs from that in true granite, sometimes by showing a more suban- 
gular and fragment-like outline, sometimes by a much more irregular boundary. 
‘The grains also vary move in size and are more irregularly distributed ; the 
felspar also differs in form, exhibiting corresponding irregularity. In parts of 
the slide a little of an indefinite felsitic matrix may be seen. Other differences, 
which cannot be briefly described, exist ; but for the present it may be enough to 
say that my microscopic studies have strengthened my scepticism as to the ex- 
istence of “metamorphic granite.” 

{ Quart. Journ. Geol. Soc. vol. xxxi. p. 479. 
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mica, which is nearly colourless with ordinary light, but shows bright 
colours and rather ‘satiny’ texture with crossed Nicols, and is so 
remarkably like my specimens of paragonite, that I think it probably 
this mineral. The correspondence between this rock and specimens 
from Twt Hill and Anglesey is very close. 


VIL. West of Ty-Croes, Anglesey (p. 302). 


Structure similar to last, but very little mica, and that a fibrous 
mineral associated with opacite, probably replacing some other 
species. ‘The quartz rather clearer, many minute acicular micro- 
liths and a few of larger size, bordered with opacite (? titanite or 
epidote). A specimen of similar rock in my own collection exhibits 
a structure yet more irregular and unlike a true granite, and con- 
tains a fair quantity of paragonite with some minute zeolitic pro- 
ducts. 


VIII. Penbryn, near Llanfaelog, Anglesey (p. 303). 


(a) This rock, in the hand specimens, shows traces of a brecciated 
structure. ‘This is yet more distinct under the microscope ; but the 
individual fragments seem to be at most varieties of one and the 
same species of rock, and there appears very little matrix or dust 
among them; their structure varies from rather granular to fibrous 
schistose ; there are many patches of a green mineral, probably 
chlorite, and grains or rods of iron peroxide; also a few of quartz, 
to which mineral many very minute clear specks probably belong. 
With crossed Nicols, the rock is seen to be largely composed of a 
minute, rather fibrous, fairly bright-coloured mineral, possibly 
allied to sericite ; it seems to be a chloritic mica-schist. The folia- 
tion of the different fragments is not parallel, so that the brecciation 
seems subsequent to the metamorphism. 

(6) West of Ty-Croes, on road to Llanfaelog—aA specimen col- 
lected by Dr. Hicks from same neighbourhood. Similar structure ; 
varietal difference is that the fragments are rather less schistose and 
contain a little more quartz, and there is a good deal of chlorite, not 
generally in patches in the fragments, but filling veins and cracks 
between them. A part of a quartz-vein occupies a corner of the 
slide. 


TX. North-north-west of Llanfaelog church (p. 303). 


The chief difference between this and VI. is that the micaccous 
constituent is now represented by a green slightly dichroic mineral, 
probably allied to chlorite, associated with many small grains of iron 
peroxide. In the felspar are many specks and films of some secon- 
dary product, not unlike prehnite ; some, however, look more like 
a mica, 


X. Railway-cutting near Ty-Croes (p. 303). 


This rock mainly consists of felspar, chlorite, an iron peroxide, and 
calcite. The structure is more granular than one would have ex- 
pected from the external aspect, the first mineral occurring in forms 
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which suggest that when found deposited they were slightly rounded 
grains. It is much decomposed, in many places full of minute mi- 
croliths and earthy dust, but the striation of the plagioclase group 
ean here and there be distinguished. The chlorite occurs in filmy 
or fibrous-looking scales, of no very definite shape, but more like 
mica than any thing else. The third mineral is in angular and club- 
like grains ; from the outline, ilmenite or hematite seem most likely. 
It is difficult to say what the rock has formerly been, but it is such 
a rock as I should expect would be formed from the coarse detritus 
of a dolerite, subsequently metamorphosed. 


XI. Railway-cutting near Ty-Croes ae 303). 


A very characteristic gneiss consisting of quartz, felspar as in VI., 
one or two grains much resembling microcline, and associated chlo- 
rite, opacite, and a colourless mica (probably replacing biotite); in 
the felspar are a good many irregular microliths of secondary for- 
mation (? some of them epidote), and a few others, perhaps apatite. 


XIL. Quarry near the Anglesey Column (p. 304). 


A feliated dense felted mass of a dull greenish, rather decidedly di- 
chroic mineral (probably a species of chlorite), and of small greenish- 
yellow epidote crystals, with a few angular fragments of quartz (?) 
and two or three scales of mica (? paragonite). 


(For Discusston, see page 325.) 
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25. On the Quarrz-FELsItE and AssociatEeD Rocks at the base of the 
CamBrian SeRres tn NortH-wesrern CanRNarvonsHire. By 
Rey. T. G. Bonnny, M.A., F.R.S., Sec. G.S., Professor of 
Geology at University College, London, and Fellow of St. 
John’s College, Cambridge. (Read February 5, 1879.) 


[Puatr XIIT.] 


Tuts subject has already been brought to the notice of the Society 
by communications from Prof. Hughes and Dr. Hicks, published in 
the last volume of the Quarterly Journal*. These vigorous and 
valuable sketches still leave many details, especially with regard to 
the great masses of quartz-felsite (or quartz-porphyry) in the vici- 
nity of Bangor, Caernarvon, and Llyn Padarn, to be filled in by 
future observers, so that I venture to hope the following notes may 
be useful as a small contribution to the subject. I spent several 
days in September 1878 in working carefully over parts of the 
district, and the conclusions formed in the field have been tested 
by subsequent study of a series of slides, prepared for me, as usual, 
by Mr. F. G. Cuttell. The result has been that I differ in several 
respects from the views recorded on the maps of the Geological 
Survey, and in the Memoir on the Geology of North Wales. 

But, while expressing a very decided difference of opinion on 
eertain points, I gladly bear testimony to the general excellence of 
the maps and the value of that Memoir. It needs but a few days’ 
work in North Wales to show how arduous a task the survey must 
have been. It should also be remembered that this was executed 
before the microscope was generally applied to lithological study. 
That has rendered clear much which was previously uncertain, and 
has given to the student a firm basis of ascertained facts wherefrom 
to educate his eye and his perceptions. Itis therefore not surprising 
that the officers of the Survey should have been occasionally misled 
by the superficial aspect of the rocks, when no more searching tests 
could be applied. 

As may be seen by a glance at the Survey Map, the Cambrian 
strata between the base of the mountains of North Wales and the 
Menai Straits appear to rest upon, or be cut off by, a great lenticular 
mass of quartz-felsitet, which extends in a north-east direction 
across the lower end of Llyn Padarn. A second and smaller massif 
is represented as extending from the town of Caernaryon to near 


* Vol. xxxiy. pp. 137 & 147. 

+ I was accompanied by several members of my geological classes, past and 
present, some of whom, especially Dr. R. D. Roberts, Mr. Houghton, and 
Mr. Marr, rendered me very valuable assistance; and on one occasion we had 
the advantage of being conducted by Prof. Hughes. Since the reading of the 
paper I have briefly revisited the district. 

t Called quartz-porphyry in the memoir. Notwithstanding the weighty au- 
thority in favour of this term, I think the objections to the word porphyry (on 
account of its vagueness) are so strong that I prefer to use quartz-felsite, 
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Bangor. If I rightly understand the Map, these are coloured as 
intrusive ; but in the Memoir (pp. 140, 141) we read :—‘ Below [the 
purple slates | are other thinner bands of slate, grit, and conglomerate, 
the lowest of which, by Llyn Padarn and elsewhere, passes into the 
quartz-porphyry that for thirteen miles stretches along the midst of 
the Cambrian strata..... So closely does the matrix of the altered 
rock resemble the adjoining typical porphyry, in colour, texture, and 
even in porphyritic character, and by such insensible gradations do 
they melt into each other, that the suspicion, or rather the convic- 
tion, constantly occurs to the mind that the porphyry itself is 
nothing but the result of the alteration of the stratified masses. . 
This conclusion is further aided by the capricious variation of the 
strata adjoining the porphyry... . This I can only account for by 
the supposition that these beds have, as it were, been partly eaten 
into by heat and themselves converted into porphyry.” 

The points which I hope to establish are:— — 

(1) That the former and a part of the latter massifs are neither 
intrusive nor metamorphic, in the ordinary sense of the word, but 
are parts of ancient lava-flows, which, were they of modern date, 
we should probably not hesitate to call rhyolites. 

(2) That the southern portion of the second massif is quite dis- 
connected from the northern, and is a group of metamorphic rocks 
of earlier date. 

The former of these propositions is the subject of the present 
paper. The latter is treated in a separate communication. The 
proofs can, I think, be given most conveniently by describing the 
sections which I was able to examine. 

Moel-Tryfaen District. 

The section at the adit in Moel Tryfaen has been described by 
Dr. Hicks*. As our party was no better provided with lights than 
his, I did not think it worth while to examine the adit, but collected 
specimens carefully from the spoilbank outside. The following 
(besides the usual Cambrian slates) are the principal varieties :— 
(1) rather gritty greenish slate banded with rounded grains of a 
pinkish or purplish felsite and light-coloured felspar; (2) a rock of 
mottled and streaky aspect containing larger fragments of the same 
felsite; (3) a conglomerate of the same; (4) a number of greenish 
slates and grits. The first three closely resemble members of the 
Cambrian conglomerate; and the last group (4) resembles some of 
the rocks which, in the Bangor sections, lie at no great distance 
beneath the Cambrian conglomerate. 

Dr. Hicks says+, “we did not succeed in touching the conglo- 
merate in the tunnel.” I have, however, no doubt that the “‘ more 
porphyritic-looking rock, mostly dark-coloured with spots of highly 
vitreous quartz in a base of felsitic matter,’ &c. was really the con- 
glomerate, which, owing to the imperfect light and other causes, to 
be mentioned hereafter, he failed to recognize. The outcropping 


* Quart. Journ. Geol. Soc. vol. xxxiy. p. 147. 
t Loe. cit. p. 148. 
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mass of the conglomerate, which he describes, on the summit of the 
hill, contains pebbles of the same purplish quartz-felsite, generally 
from about 2 to 4 inches diameter, but sometimes a foot or more, 
together with angular fragments of purple slate. On the western 
side about one fourth of the fragments are felsite; the remainder 
slate, green and purple, and a dull-green grit resembling one in the 
underlying series. The fragments of purple slate are rather more 
numerous on the eastern side. The strike of the conglomerate 
appeared to be about H.N.E. and W.S.W. ‘The cleavage dipped at 
a high angle to 8.8.W., and the bedding, as it seemed to us, dipped 
to the N.N.W., also at a high angle; but as many of the smaller 
pebbles had been twisted so as to have their longer axes to the 
planes of cleavage, it was difficult to be sure of this. I have ex- 
amined microscopically two specimens from the adit ; but it will save 
time to describe them with the specimens from Llyn Padarn. The 
quartz-felsite was abundant in the loose blocks below Rhos Tryfaen ; 
but as I did not meet with a good exposure of live rock, I have not 
examined it microscopically. In general character, however, it is 
identical with those described hereafter. 

We crossed the massif again by the road from Bethgelert to Caer- 
naryon. The felsite is well exposed left of the road north of Bettws 
Garmon. Here it is rather pale in colour, and shows traces of 
cleavage. Subangular patches of a darker colour suggest at first 
sight included fragments ; but a closer examination shows that they 
are merely due to slight variations in structure. This somewhat 
streaky or mottled aspect is not uncommon in modern trachytic 
lavas*. Microscopic examination shows that the rock has a crypto- 
crystalline ground-mass of rather variable character, the structure 
being sometimes exceedingly minute, containing crystalline grains 
of quartz and felspar—part is orthoclase, closely resembling sani- 
dine, part plagioclase. Microlithic enclosures are common in the 
felspar, some looking as if they had once been glassy. There are a 
few grains of iron peroxide and some disseminated opacite. <A por- 
tion of the slide shows flow-structure very clearly. The rock seems 
to have been crushed ; a very minute gold-coloured mineral appears 
in the cracks, and is disseminated about the slide. 


Llyn-Padarn District. 


We examined the quartz-felsite on both sides of the lake, on the 
western along the highroad, as well as by the railway. ‘The litho- 
logical details are given below, and with them, in order to save time, 
I have included a description of specimens from the northern end of 
the second massif. The following facts, however, noted in the field, 
of themselves, I think, are hard to reconcile with any theory of 
metamorphism or intrusion. 

(1) The streaky structure so characteristic of lavas (especially of 
an acid type), as well as the platy jointing common in igneous rocks, 
may be seen not seldom in the quartz-felsite about Llyn Padarn. 
The most striking example is in a quarry by the roadside north of 

* The “piperno” of the Phlegrzan Fields is a marked Se 
Y 


ole T. G. BONNEY.ON THE BASE OF THE 


Cwm-y-Gilo village. Here the streaky structure is as distinct as in 
a modern rhyolite, and the platy jointing is hardly less so. In parts 
of the quarry it is a true “fissile structure” *, cutting the fluidal 
lines at various angles, sometimes as much as 70°. 

(2) On the western side of Llyn Padarn there is a band of slate 
intercalated in the felsite. This is a rather soft black slate, not 
conspicuously altered. We found exposures (probably of the same 
band) both by the roadside and in the railway-cutting. The former 
is only about 3 feet wide, and from its appearance might be claimed 
as an included fragment; but I have elsewhere seen soft rocks 
similarly “nipped” by interbedded harder strata. Microscopic 
examination shows the structure of the slate to resemble that of the 
eround-mass of some of the chiastolite slates: the junction with the 
felsite suggests that the one rock has been deposited on the other; 
for the material of the slate can be traced filling a crack m the 
felsite, the surface of which seems as if it had been denuded. 

(8) Near Llys Dinorwig, north-east of Llyn Padarn (lower end), 
the felsite is associated with an agglomerate. This was shown to 
me by Prof. Hughes, who at the time was not quite satisfied as to 
its true significance. On that point, however, there is no reason for 
doubt. It is as characteristic as any that are seen in Charnwood, 
containing fragments of all sizes, from mere lapilli to blocks full 
2 feet in diameter. One or two, indeed, may possibly be the ends of 
small “strings” of lava. Here and there a band of finer material is 
interstratified, as in recent volcanic cones. I have also examined 
this under the microscope, and find it made up of rhyolitic lapilli, 
some showing flow-structure very well, with fragments of quartz and 
felspar imbedded in an altered felspathic dust—in short, the usual 
structure of the matrix of such an agglomerate. The mass appears 
to be intercalated in the felsite near to its northern edge; but time 
did not allow me to trace out its boundary with any minuteness. 

Proceeding, then, to the examination of a series of specimens, we 
find that the rock in the neighbourhood of Llyn Padarn is a compact 
felsite of a dull grey colour, sometimes with a reddish tinge, por- 
phyritic with numerous quartz grains and small whitish crystals of 
felspar. As a rule, there is nothing abnormal in its appearance ; 
some fragments could hardly be distinguished from rhyolites from 
Hungary or the Euganean hills. I have had a series of six slides 
prepared to exhibit the principal varieties. 

(1) Quarry North of Cwm-y-Glo.—This rock, as already stated, 
shows flow-structure remarkably weil. Under the microscope it 
resembles a glass of slightly granular structure, with wavy light- 
brown bands, occasional clear rather granulated interspaces, and 
clouds of disseminated opacitet. With crossing Nicols the granular 
part is seen to consist of minute crystals. With a high power these 
are shown to be partly extremely minute colourless belonites, partly 


* See my paper, Quart. Journ. Geol. Soc. vol. xxxii. p. 142, A glance shows 
it is not a true cleavage, as it frequently changes its direction, 

+ For example, in thin bands of soft schists intercalated in the granitoid gneiss 
of the St, Gothard., t Plate XIII. fig. 1. 
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of irregular outline, as though either imperfectly formed or distorted 
by tension. I am not able to assert positively that any truly glassy 
base still remains, but think this is the case, and feel certain that 1 
Was once present. Subangular grains of quartz, with occasional 
partial inclusion of the base, and small cavities are frequent, also 
felspar crystals rather decomposed, not seldom including microliths : 
these are orthoclase with a little plagioclase. 

(2) From near a Tunnel south of Cwm-y-Glo Station.—Colour a 
dull grey; example of the ordinary type. This rock has a general 
similarity to the last, except that the fluidal structure is less mark~- 
edly parallel and less distinct. Microliths are more numerous and 
larger, and the rock generally has a less glassy aspect, part of the 
slide showing a distinctly cryptocrystalline structure. The rock is 
traversed by cracks, which haye been again cemented; they were 
doubtless caused by the pressure which produced the cleavage of the 
district. 

(3) Ratlway-cutting near the top of the Mass.—A pale pinkish rock 
showing a rude cleavage. A general similarity to the last, but the 
fluidal structure still less distinct, and the rock yet more crushed, 
so that parts of the slide resemble a breccia cemented by a filmy 
pale greenish-yellow mineral. The crystals of quartz* and felspar 
are occasionally crushed in situ and cemented again. This might 
easily be mistaken for a clastic rock, but with crossing Nicols its 
homogeneous character is readily discovered. 

(4) Highest Felsite seen on west side of Llyn*Padarn.—This rock is 
roughly cleaved, and has quite a schistose aspect. Closer examina- 
tion, however, shows that in about ten yards it passes by insensible 
changes into the last. This also accords with its aspect under the 
microscope, where a sort of banded structure and numerous sub- 
angular grains of quartz and felspar suggest a stratified origin. But 
a closer examination with higher powers shows that it is really an 
igneous rock, which has evidently been greatly crushed in situ. The 
fibrous cementing mineral (with crossed Nicols) shows rather brilliant 
golden and blue colours. 

(5) Two specimens from near Brithdirt (one from the cliff over- 
looking the Caernaryon road, the other from a quarry west of the 
farm). These, from the northern massif, are of a purple-red colour, 
like the rock near Rhos Tryfaen. ‘The slides differ but little one 
from another, and only as varieties from (2). ‘There is a little more 
opacite, and the imbedded crystals are rather more numerous. Ono 
or two are probably altered biotite, and some microliths are possibly 
apatite. 

(6) A specimen from the Roadside above the * Antelope’ Inn, near 
the Menai Bridge.—The general character of this is similar to that of 
the last, but the slide is rather more stained by ferrite. The structure 


* The cavities in the quartz are a little larger in this specimen. It also con- 
tains two or three crystals of an altered mica, and there seems to be a little 
calcite in a crack. 

+ A specimen from the same district is described by me, vol. xxxiv. p. 145, 
The description may also serve for these specimens. 
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of the ground-mass is more glassy, and there are some indications 
of flow-brecciation. I may also refer to a specimen from Lland- 
deiniolen, described by me in an appendix to Prof. Hughes’s paper *, 
which belongs to the same series. I was then wholly ignorant of 
the relations of the rock to the others in the district, and had formed 
no opinion about them, as [ had never examined the felsite a situ, 
and so venture to quote the remark which I made on the appear- 
ance of the slide :—‘ The rock is probably from an old flow of rhyo- 
litic lava.” 

Thus, although in one place the top of the quartz-felsite, where it 
is most affected by subsequent pressure, does bear something of a 
schistose and fragmentary character, and though doubtless old com- 
pact felsites are sometimes very difficult to distinguish from certain 
rocks of similar chemical composition, but of sedimentary origin, I 
think we are justified in saying that the evidence against the theory 
of metamorphism is too strong to be resisted=. If; however, further 
proof be needed we shall find it in the overlying series of slaty and 
conglomeratic rocks. 

These then we proceed to examine, commencing with the south- 
western side of Llyn Padarn. Beyond the cutting in quartz-felsite 
(No. 4), the railway crosses a small bay of the lake, and then passes 
into fine green grits or “bastard slate,” beyond which we find a 
thick mass of interbedded conglomerate and similar grit, then 
another band of the grit, followed by a band of small rolled frag- 
ments of felsite about as large as hemp-seed. As, however, this 
section has been carefully drawn by Mr. Maw$, and more than once 
described ||, I will confine myself to microscopic details, merely 
stating that we endeavoured to trace the junction of the felsite and 
overlying rocks near the highroad. It is, however, much masked 
by débris and vegetation ; but there is lttle doubt there is a fault, 
through which a greenstone dyke has subsequently forced its way, 
and which has cut out some of the grits visible by the shore of the 
lake. Near the road the felsite and conglomerate are seen on 


* Vol. xxxiy. p. 145. I have recently visited this locality and examined the 
felsite, which is rather pale in colour, but not otherwise remarkable. I also 
visited several other felsite exposures in the district, which present differences 
only yarietal, though in some cases possibly interesting. 

+ I should perhaps mention that, to my mind, there is nothing to connect 
this local crushing with any theory of volcanic activity. I have observed in 
Wales several cases of this crushing of the exterior portion of a compact igneous 
rock, so that it assumes a sedimentary or schistose aspect. 

{ These rocks haye a certain resemblance to some of the lavas from the 
Wrekin district described by Mr. Allport (Quart. Journ. Geol. Soc. vol. xxxiii. 

. 449), also, to a less extent, to some of the fragments in the Charnwood agglo- 
merates. They differ considerably from the felsites in the Bala series of Northern 
Caernarvonshire. 

§ Geol. Mag. vol. v. pl. 6. 

|| Geol. Mag. vol vy. p. 121, where some analyses of neighbouring rocks are 
given; also Quart. Journ. Geol. Soc. vol. xxxiy. pp. 148, 150, 764; Mem. Geol. 
Survey, vol. iii. p. 142. I may state that I carefully examined the “uncon- 
formity” asserted by Mr. Maw to occur in the railway-cutting higher up, and 
have no hesitation in agreeing with Prof. Hughes, and so differing from Mr. 
Maw, in his interpretation of the phenomena. 
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opposite sides of the dyke; but higher 
up the hill, where the dyke thins, some 
felsitic-looking grit appears below the 
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conglomerate. a igen 

By the tramway on the north-eastern e 
side of the lake, we pass in going from = 
Llanberis three masses of the conglome- re 
rate; but there is little doubt that it is snc 
only one and the same group of bands 2 ° 
repeated by folding, and that the section g 
is as annexed“, an anticlinal and a e 
synclinal repeating the conglomerate and ® 
overlying slates, so that the green grit & = 
beneath it is only visible once. On this 5° 
supposition the conglomerate varies con- 2 
siderably in thickness in a short distance; g 
but a sort of “rain-spot” rock at the g. S 
base of the middle mass might very well sq aS 
represent part of the southern and 2 S 
thicker. The actual junction of the z = 
northern mass of conglomerate and the x 2 
felsite is masked, but the one can be seen a 3° 
within about a yard of the other. This = ZR 
last conglomerate has, no doubt, a rather Q S: 
“melted down” aspect; but, as Dr. Hicks 2 = 
has pointed out +, here as elsewhere, this dz S 
quite disappears when the rock is J) = 
weathered. Its superficial character is 2 by 
also evident on microscopic examina- = % 
tion. I have had slides prepared from “> ~ = 
different parts of the section described  —& Sy 
above, from the finer variety noted in z. iw 
the railway-cutting on the opposite shore 5 = 
and, as already mentioned, from Moel * © hy 
Tryfaen. With considerable variety of a2 = 
detail the general character of these is 2 = 
sunilar, so that a minute description of 2, > 
each slide is hardly needed. They consist s 
of fragments of quartz-felsite, often very i 
characteristic of that which we have been ~~ 
describing, slaty and gritty rock{, sub- J 
angular and rounded quartz grains, and & 
broken felspar crystals, among which, 8. 
though rather decomposed, both ortho- ~“ 
clase and plagioclase may be recog- = 

* This, I find, is Prof. Ramsay’s opinion, = 
Mem. Geol. Survey, vol.iii.p. 144. o 

+ Quart. Journ. Geol. Soe. yol. xxxiv. p. 151. ai 


t Varieties of flinty argillite and fine quart- 
zite are common among the larger pebbles, 
together with the quartz-felsite pebbles and 
fragments. 
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nized. Besides these are fragments, generally rather irregular in 
form, of a slaggy aspect like a glass (devitrified), rendered more or 
less opaque by opacite, which I have no doubt are of volcanic origin. 
The matrix in which the above are imbedded is sometimes rather 
streaky, composed probably of minute fragments of felspar crystals 
and felspathic mud, now considerably altered, and sometimes inter- 
spersed with opacite and filmy patches of viridite. The quartz 
grains are sometimes crushed by the pressure which the rock has 
undergone, and the fragments of included rock are often rather 
flattened and distorted. Some, however, are distinctly rounded ; and 
all have probably been transported py water, though many are still 
fairly angular. 

In one of the specimens from the thickest part of the conglomerate, 
on the east side of the lake, I observed a part of a pebble which 
struck me as bearing a great resemblance to the peculiar rock of 
Twt Hill, Caernarvon*. This I have examined microscopically, and 
feel no doubt of the identity. This identification is of great interest, 
as it shows that some area of this granitoid rock was undergoing 
denudation, and was approximately in its present mineral condition, 
when the Cambrian conglomerate was being formed. 

The matrix and some of the included fragments of the slides from 
the conglomerate between the greenstone dyke and the quartz-felsite 
are rather more altered than the rest; but the changes are more of 
the nature of those brought about by water and pressure at moderate 
temperatures than any thing like “ melting down.” At any rate the 
clastic character of the rock is still perfectly distinct. 


Bangor District. 


Proceeding now to the eastern edge of the northern mass of quartz- 
felsite, and commencing near Brithdir Farm7, we find exposed in 
the road and elsewhere a grit composed of well-worn fragments of 
quartz-felspar and quartz-felsite. It is generally of a mottled 
purplish-red colour (very like the neighbouring quartz-felsite) with 
grains about 5), inch in diameter, but becomes in places conglome- 
ratic, with subangular pebbles up to 1 inch diameter. It weathers 
a reddish-buff colour, and one knoll in a field close to the road has 
a certain superficial resemblance to the rock of Twt Hill. The rock 
clearly derived its materials from the adjoining quartz-felsite. We 
find a similar, but rather finer and more quartzose grit exposed 
above the quartz-felsite on the northern side of the Bangor-Caer- 
narvon road in the adjoining valley, and again, to the north, behind 
Tafn-Newydd Farm, and another adjoining the felsite exposed in the 
road about half a mile to the N.E. by “ Beulah chapel”t. The last 
I haye examined microscopically, and found it confirm the opinion 
stated above as to the source of its material, as it made up of 


* See next paper. Prof. Hughes also found a similar pebble in the vicinity 
of Llanddeiniolen, Joc. cit. p. 140. 

+ Just south of the first letter “x” in that name on the map. 

t A similar pale grit also oyerlies the felsite near Llanddeiniolen. 
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grains (angular and rounded) of quartz, felspar (some plagioclase), 
and a rock resembling the quartz-felsite with much interspersed 
ferrite. 

Descending from Brithdir in a north-east direction towards the 
Bangor road, we pass a greenish slaty rock, and on reaching the 
bed of the valley find shallow excavations in a similar rock in the 
angle between the main and the by-road. ‘This latter is much 
crushed and jointed, as if some intrusive rock were near; but the 
dip (which varies) seems to be H.N.E., or a little to the east of 
that, at a high angle*. Bearing to the east we find a quarry among 
woods at Tair-ffynnon. The rock here varies from a slaty grit to 
an agglomerate or conglomerate of fragments of quartz-felsite and 
slate in a green matrix. I have examined slides of each variety. 
They consist of lapilli or fragments of igneous rock, broken crystals 
of felspar and quartz, and bits of slaty rock. Some fragments 7, 
especially in the coarser variety, have a general resemblance to the 
quartz-felsite of the adjoining massif, but most of the igneous con- 
stituents are rather different. There are of these three well-marked 
varieties :—(a) glassy or nearly glassy, the base often opaque from 
abundant opacite, with many acicular felspar microliths and spots of 
viridite, probably replacing augite or hornblende; (6) a more glassy 
and transparent rock, with acicular microliths and larger felspar 
crystals, up to 0:03 in. diameter, sometimes certainly plagioclase § ; 
(c)a fairly clear rock, with glassy aspect and partial cryptocrystalline 
structure ; iron peroxide in larger, but less frequent, grains. Most 
ot these are probably lapilli. The finer rock is chiefly composed of 
fragments; the coarser has a good deal of matrix, cemented by 
viridite and a very pale green mineral, which, with crossed Nicols, 
shows fibrous structure and bright golden-green and orange-red 
colours. The materials of this rock are largely derived from volcanic 
ejecta, and some apparently have not come from far; but I do not 
think it bears decisive evidence of contemporaneous volcanic action. 

Further to the east, by ascending a hill on the northern side of 
the road, we find both inside and outside the wood a great quantity 
of a similar rock. Its microscopic structure also corresponds, some 
of the included fragments showing a very distinct flow-structure. A 
little more to the east, and nearer Perfyddgoed House, the rock be- 
comes so compact that it might be easily mistaken for a quartz-felsite 
(greenish grey). Microscopic examination, however, shows it to be 
beyond doubta clastic rock, with many small subangular quartz 
grains, and minute rolled fragments of various compact rocks, some 
of which are certainly of igneous origin. One is almost a mass of 
opacite. 

To the north-east we find other fine felsitic grits and ashy-looking 
rocks, and at Cae Seri a coarse conglomeratic rock, somewhat resem- 
bling that of Tair-ffynnon, but with more slaty fragments of a dull 


* On the opposite side of the fault a purplish slate seems to succeed the grit 
by the Caernarvon Road, and a prominent knoll to the N.E. consists of slaty 
rock dipping a little N. of E.N.E. at an angle of 50°. 

+ Plate XIII. fig. 2. { Plate XIII. fig. 4. § Plate XIII. fig. 5. 


318 T, G. BONNEY ON THE BASE OF THE 


red colour. Microscopic examination confirms this, grains of a gritty 
slate and lapilli being abundant. One or two, however, differ from 
those already described, being full of felspar microliths, partly 
grouped so as to haye a feathery or tufted aspect, and in one or two 
cases indicating an approach to spherulitic structure. Following 
the road to the north, we come to a quarry at the back of some 
white cottages (? west of Minffordd), and find a felspathic grit of a dull 
greenish colour speckled with white. Under the microscope it is 
seen to consist of rather decomposed felspar crystals (both orthoclase 
and, plagioclase recognized), varying generally from about 0’-01 to 
0”-03 in diameter, mingled with finer dust and a few small lapilli 
and quartz grains. There is a considerable quantity of viridite in 
filmy patches, looking sometimes as if it had replaced a pyroxenic 
constituent. Many fragments are little, if at all, waterworn. 

The dip over this district is often not easy to obtain with accuracy, 
but it appears to be generally not far from N.H. to H.N.H., and high. 

Returning now to the main road from Caernaryon to Bangor, which 
runs near a line of fault*, and following it towards the latter place, we 
find, after about half a mile, a quarry at the back of a cottage. Here 
we find the following ascending succession :—(1) conglomerate rather 
like that of Tair-ffynnon, with rolled fragments of red quartz-felsite, 
sometimes 4" diameter, angular fragments of purple slate, and a few 
green-coloured 2 or 3 inches diameter; (2) a fine grit, in the upper 
part not unlike one of those low down in the Llanberis Cambrian 
series ; (3) conglomerate, more slaty ; (4) a green slaty rock, near to 
which were one or two large slaty masses looking like included frag- 
ments. The section is rather irregular, and is disturbed by a fault ; 
but I believe the above to be correct, and the dip to be about 50° a 
little east of north-east. Microscopic examination of the conglomerate 
confirms the above description and the general correspondence with 
the Tair-ffynnon rock. The fragments of the quartz-felsite are very 
characteristic f. 

About a furlong further, behind another cottage, are ashy-looking 
fine grits ; and some four hundred yards from these, in a rock exposed 
behind the “ poor-house,” are greenish-grey slaty grits with a band or 
so containing felsite fragments about as large as peas. Dip nearly 
as above, but a little steeper. Microscopic examination of this shows 
various slaty and gritty fragments, lapilli, some almost wholly black 
with opacite, and the qnartz-felsite, quartz grains, &c. as usual +. 
There is one fragment of the peculiar rock observed ati Cae Seri. 

We then approach the town of Bangor and the district which has 
been fully described by Prof. Hughes, so that for the slaty beds and 
green breccias which here form the upper part of the series and 
underlie the Cambrian conglomerate (in which the characteristic 
quartz-felsite may frequently be recognized, as asserted by him and 
Dr. Hicks) I refer to his paper and my note on the microscopic 
structure of two of the rocks appended thereto. 

* The displacement hereabouts does not seem large. 


+ Across the valley on the opposite side of the fault are beds more of the 
Minffordd type. { Plate XIII. fig. 3. 
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Conclusions. 


We see, then, that the rock in the quartz-felsite massif exhibits 
every characteristic of an igneous origin; we see also that fragments 
closely corresponding with it occur again and again in the overlying 
rocks, and that theserocks, as a rule, arecomparatively little changed— 
the evidence of alteration being illusory, and quite ordinary slates or 
grits in some cases interposing between the quartz-felsite and the 
supposed highly metamorphosed rocks. We must then refuse to these 
Caernarvonshire “ porphyries” an origin different from that of other 
igneous rocks of similar composition, and cease to quote them as-ex- 
amples of what extreme metamorphism can effect. 

I may repeat again that, allowing for slight mineral changes 
brought about by the agencies to which all rocks have been exposed 
in the long lapse of ages (such as devitrification, the formation of 
viridite, &c.), there is no difference of any importance, so far as I can 
see, between these quartz-felsites and comparatively modern rhyo- 
lites; and if I could prove that a base still remained undevitrified, I 
would give them the latter name. ‘That they were rhyolites in pre- 
Cambrian times I have no doubt. 

Further examination will probably discover more agglomerates, 
and perhaps further subdivide the lava-flows. which certainly seem at 
present of exceptional thickness and extent*. Whether volcanic 
action continued during the time when the conglomerates of Tair- 
ffynnon &c. were formed is uncertain. The lapilli in them are in 
some cases not waterworn ; but then they may have been derived from 
the destruction of cones of scoria, which, no doubt, rose among and 
even upon the neighbouring lava-flows. Their lightness might cause 
them to float for a while, and so escape the rounding which has 
befallen some of the other materials. The uppermost beds at 
Bangor (and to these, perhaps, we may add the Minffordd rock) 
certainly seem to indicate volcanic action} ; but the ejecta are very 
different, and the outbursts were probably very local. 

The evidence which has been brought forward warrants, I think, 
our proposing the following general ascending order for the group 
near Bangor between the quartz-felsite and the Cambrian conglome- 
rate :—(1) felsitic grit and fine conglomerate; (2) green slates{; 
(3) conglomerates with interbanded green grits passing into slaty 
grits—Tair-ffynnon to Perfyddgoed; (4) another group of gritty 
and conglomeratic beds ending with the conglomerate of Cae Seri; 
(5) Mynffordd rock and upper green breccias, grits, and slates. 
Doubtless there are gaps in this grouping, and changes may hereafter 

* The larger massif is about thirteen miles long and two at greatest breadth. 
The smaller on the map appears not quite two thirds the above dimensions, but, 
as will be seen hereafter, is really much less. Examples of very extensive lava- 
flows, so far as I remember, are much more common in basic than in acid 
rocks. 

+ Quart. Journ. Geol. Soc. vol. xxxiv. p. 146. 

t It is almost impossible to give precise names to these bedded rocks. One 
finds almost every variety from fine grit to fine, but imperfectly cleaved, slates. 
Our petrological nomenclature always seems to me a little too restricted in re- 
gard to this group of rocks. 
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be made; but still, comparing the two sections described above, 
where the first quarry on the Bangor road in conglomerate is 
probably near the horizon of the Tair-ffynnon group, and the Poor- 
house rock not very far away from some part of the Cae Seri, there 
seems a strong probability that we are not far wrong. The thick- 
ness of the series must be very great, unless there is considerable 
repetition by faults (and of this I have seen no evidence); it can 
hardly be less than 3000 feet, and is probably more. 

It is probable that the thickness of the sedimentary beds about 
Llyn Padarn and Moel Tryfaen (where the quartz-felsite must be 
very thick) 1s much less. The little which we now see of the beds 
between the felsite and the Cambrian conglomerate reminds us rather 
of the upper part of the Bangor group; and though doubtless some 
beds are cut out by the boundary fault, the impression which I 
formed on the ground was that the thickness of these was not very 
ereat*. If a volcanic district, such as Jorullo, for example, were 
slowly subsiding, the accumulating sediments would form so as to 
take a sort of cast of the igneous features, and be thickest where 
they were least prominent (and so thinnest). 

The quartz-felsite rocks, however, did not wholly disappear below 
water till after the formation of the Cambrian conglomerate7. 
Appearances suggest that there is a marked physical break between 
this and the subjacent sedimentary series (Pebidian of Dr. Hicks); 
but though I believe there is very great unconformity between the 
latter and the quartz-felsite in certain places, I think it quite possible 
that the subsidence may have begun, as would be natural, after the 
last volcanic outburst, and so the whole, notwithstanding the break, 
may really belong to one and the same series—the Pebidian. 


(For the Discusston on this paper, see p. 320.) 


EXPLANATION OF PLATE XIII. 


Fig. 1. Quartz-felsite from quarry near Cwm-y-Glo, showing flow-structure and 
quartz grains. 

Fig. 2. Part of a fragment of quartz-felsite, showing irregular fluidal structure 
&c., from the coarser conglomeratic rock of Tair-ffynnon (the blank 
part is a crack in the slice). 

Fig. 3. Fragment of quartz-felsite (a), showing fluidal structure, with quartz, 
slaty rock, and decomposed felspar, from rock at the back of the Poor- 
house near Bangor. 

Figs. 4 & 5. Portions of the finer conglomeratic rock of Tair-ffynnon, showing 
fragments of igneous rock (4, 0, c), quartz (d), &e. 


All these are magnified 50 diameters. 


* Since the above was written, I have visited Llanddeiniolen and there seen, 
near Fachell, quartz-felsite, felsitic grit, green slaty rock (slight exposure only, 
but apparently i st¢w) and Cambrian conglomerate in close sequence. 

+ I haye not at present identified them with certainty at any higher level. 


Quart. Journ Geol Soc. Vol XXXV. Pl XML. 


AFoord lth. Hanhart imp. 
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26. On the Mutamorruic Surtus between Twr Hint (Cazrnarvon) and 
Port Dinorwie. By Rey. T. G. Bonnny, M.A., F.R.S., Sec. G.S., 
Professor of Geology at University College, London, and Fellow 
of St. John’s College, Cambridge, and F. T. S. Hoventon, Esq., 
B.A., Scholar of St. John’s College. (Read February 5, 1879.) 


Tus interesting group, which on the map of the Geological Survey 
is not divided from the “ quartz-porphyry,” has already been briefly. 
noticed by Prot. Hughes and Dr. Hicks*. They assert that the 
rock is not igneous, and lithologically much resembles the Dimetian 
of St. David’s. That view is fully borne out by our observations, 
which, we venture to think, prove conclusively that there is here a 
series of metamorphic rocks much older than the quartz-felsites 
and conglomerates described in the last paper ft. 

The rock exposed on the summit of I'wt Hill is at first sight 
very like a coarse granite, which, however, is almost without a 


Diagrammatic Section (reduced to one plane) of Pit to N.E. of summit 
of Twt Hill. 
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C. Coarse conglomerate. F. Finer conglomerate, in parts more 


like B and A. 


micaceous constituent. We saw nothing absolutely irreconcilable 
with an igneous origin; but still there was in the aspect of the 
rock a something, hard to define, which suggested a metamorphic 
origin. This is particularly noticeable by the wall on the southern 
side of the ridge. Under the microscope it is seen to consist of 
quartz, felspar (rather decomposed), a few granules and grains of 
iron peroxide, and a very small quantity of a micaceous mineral. 
The quartz is so full of minute enclosures as to have a rather 
“ dirty” aspect. A very closely twinned plagioclase felspar is 


* Quart. Journ. Geol. Soe. vol. xxxiv. pp. 142-152. 

+ Accompanied by the party named in the last paper, I examined the 
yieinity of Twt Hill last September, and discovered the conglomerates de- 
scribed below. Mr. Houghton, who remained at Bangor for some time after- 
wards, was able to return and traverse the ground between Caernaryon and Port 
Dinorwig, and to trace the boundary for some distance from that place between 
the quartz-felsite and the older rock, forwarding to me the specimens which he 
had collected. Since the reading of this paper, we have separately traversed 
again most of the ground described in it, revising the work, and making a few 
additional notes.—’. G. B. 
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present as well as orthoclase. The structure of the rock, as ex- 
plained below, suggests that it belongs to the granitoid gneiss group 
rather than to the true granite *. 

The next exposure of rock which we visited set our doubts at 
rest. It is in a pasture-field, where, on the 8.E. side of the ridge, 
and perhaps a furlong to the N.E. of Twt Hill, is an old quarry. 
This affords the section shown in the sketch (p. 321). The lowest 
rock exposed is of the same type as that of Twt Hill. Above it comes 
a bed with a similar matrix, containing pebbles in the upper part; 
then a band of coarser conglomerate, the pebbles being often full an 
inch in length. To this succeeds a band of finer conglomerates, 
then of coarser, and, lastly, another of finer, passing up into a rock 
which has some resemblance to the bottom rock. ‘The pebbles are 
almost all vein-quartz, and are rather flattened; one or two look 
like an impure jasper. The strike of the conglomerate is about 
E.N.E., and the dip about 60° on the southern side. In the finer 
bands the pebbles appeared more rolled than in the coarser, varying 
from the size of hemp-seeds to that of peas. The matrix of the 
most conglomeratic part is a kind of quartzose grit. Microscopic 
examination, as will be presently shown, fully confirms the above 
evidence as to the clastic origin of this rock. 

On the N.W. side of Twt Hill are quarries showing a rock more 
distinctly gneissose than it is at the summit, the component minerals 
haying often rather a banded arrangment. One block, observed by 
Mr. Houghton, showed very well an alternate banding of coarser 
and finer varieties of the rock. The rock also in the higher part of 
the quarry became finer in texture y, and contained considerable 
quantities of a decomposed green mineral like epidotet; some 
quarried blocks in a field showed bands of grey grit interbedded with 
the normal Twt-Hill type of rock. 

On the right-hand side of the new road leading to Llysmeirion is 
a rock of the same general character, but paler in colour and more 
metamorphic in aspect. It seems to lie a little below the conglo- 
merate, and to overlie those exposed in the last pit, which are part 
of the general mass of Twt Hill. The rock from the pit near 
Llysmeirion has already been noticed §. 

Specimens from some of the above beds have been examined mi- 
croscopically. Commencing with a section || cut from the finer part 
of one of the conglomerates (which is more granitoid in aspect than 
some of the other bands), we find the rock obviously (as we should 

* A name appears to be needed for these granitoid rocks, which in general 
aspect much resemble a granite poor in mica, are metamorphic clastic rocks, 
but differ from ordinary gneiss in being scarcely, if at all, foliated, as well as 
in ae ae amount of mica. I venture to propose the name “‘ Granitoidite.” 
—T. G. B. 

+ A fine gritty-looking rock may also be seen on some waste ground higher 
up the hill, near a white cottage. 

¢ Specimens from these quarries exhibit considerable variety in the relative 
amounts of quartz, of felspar, and of the green constituent, some of which is more 
like a kind of chlorite. 


§ Quart. Journ. Geol. Soc. vol. xxxiy. p. 145. 
|| Kindly lent to me by J. H. Marr, Esq. —T. G. B. 
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suppose) of clastic origin, consisting of subangular grains of quartz, 
often rather full of very minute cavities (? empty) and specks of 
opacite, and of a quartzite varying from rather fine to moderately 
coarse, which are imbedded in a minutely crystalline matrix. This, 
when highly magnified, exhibits a felted fibrous structure, brightly 
coloured with crossing Nicols, probably formed by the alteration of 
a rather siliceous mud into microlithic products of more than one 
mineral; there are also two rather angular fragments of a fine- 
grained quartz-schist, and two or three more of doubtful origin, in 
part, perhaps, decomposed felspar. There are also some patches of 
a green chloritic mineral and, in parts of the slide, fair quantities of 
opacite. 

The rock from the quarry by* the road to Llysmeirion is also 
certainly clastic, and has some similarity to the last ; but it is more 
difficult to determine the amount of alteration. Some of the quartz 
grains (showing cayities * and included opacite) have a distinctly 
fragmental aspect ; but here and there one is seen irregularly “fused” 
at the edge with the matrix, as if formed by segregation from it. 
The matrix is earthy in aspect, and more granular in structure 
than the last, and occupies the major part of the slide; in it, 
however, there seem indications of fragments, suggesting that it 
may be composed chiefly of grains of decomposed felspar. The aspect 
of this rock suggests that it was once very probably a coarse quartz- 
felspar gritt. The rock on the southern side of the Twt-Hill ridge 
has some resemblance to this variety. 

A compact ‘* greenstone” dyke, probably a diabase (to which my 
attention was called by Dr. Hicks), is exposed in the narrow lane 
leading from the street to Twt Hill. It is about four yards wide, 
and strikes rather 8. of S.E. 

About half a mile from the quarry on the N.E. face of Twt Hill, in 
a field (used for football), is another quarry {. Here we find an in- 
teresting section exposed, which has been examined by Mr. Houghton. 
The face of the quarry is apparently formed by a bedding-plane; 
the highest stratum seen is a rather coarse conglomerate, consisting 
of pebbles ?” to 2” long, mostly round and quartzose. There are not 
a few subangular fragments of quartz, quartzite, red jasper, &c., 
and a few flat little-worn fragments of schistose rock, not unlike 
some of the Anglesey schists. Total thickness 4 feet. Below this is a 
band about the same thickness, pink-coloured at the top, grey below, 
consisting of similar material in a finer state of division. Parts of 
this are a very fine altered grit or quartzite. Beneath this is 8 feet 
of conglomerate, the pebbles being more angular than in the upper 
bed. <A considerable thickness of finer beds succeeds. Dip 45° to 
50° §.8.E. 

About 200 yards 8. of Cae-Gwyn farmhouse is another quarry, 
showing a conglomerate consisting of well-rounded pebbles (quartz, 


* Some at least of these are nearly full, as minute bubbles can be seen. 

t See Appendix to Dr. Hicks’s paper, supra, p. 806. 

{ Position on map a little S. of the “u” in “ Bathing House.” ‘The quarry 
is just on the crest of the ridge; I have recently visited it myself.—T. G. B. 
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with afew of jasper), the matrix being a purplish-brown quart- 
zose grit, apparently not more highly altered than those at the 
base of the Cambrian series. Strike difficult to obtain, but pro- 
bably W.S.W. About a mile beyond this, along the road, is a 
quarry * on the left hand, showing rock of the normal Twt-Hill 
type, but rather fine in texture; and further on, in a farmyard, 
“ Parciau Isa,” a similar rock. The same may also be seen off the 
main road, halfway between Griffith’s Crossing (Llanfair-is-gaer of 
map) aud Port Dinorwig. 

Rock of the same general type, granitoid, and consisting mainly 
of quartz and felspar, with sometimes a slight approach to a foliated 
structure, extends to ‘‘ Elim Chappel,” a little beyond Port Dinorwig. 
in this place, where the railway crosses the main road, is a good 
exposure of the above rock. Mr. Houghton, by following a footpath 
leading from the Bangor road and crossing the railway {, found some 
decomposed rock, probably of the same character; and then behind 
the northernmost buildings of ‘“‘ Pen-r-allt” a felsite, and on the 
hill above that a purplish quartz-felsite of the normal aspect (¢. 9. 
like that of Brithdir). He traced the felsite along this ridge; but 
after crossing a slight valley, and ascending another ridge over- 
looking the Straits, found again the Twt-Hiull rock ¢. 

He observed in a quarry by the road running up from “ Ferry 
House” a rather compact grey variety of the metamorphic rock, and 
at the N.W. end of it a green rock. A little green rock intercalated 
in the metamorphic occurs on Pen-r-allt on the northern side. The 
normal quartz-felsite occurs at the corner, ‘“ Pant yr fallan fach;” 
and to the N., behind Pant yr fallan, is a very pretty variety. 

Granitoid or gneissoid rock may be traced for some distance on 
the ieft-hand side of the main road to Caernarvon, where it runs 
parallel with the railway. This is here faulted against dark shaly 
Carboniferous rock. It may also be seen at the top of the steps 
behind the Arvon inn, between a school and chapel (felsite is ex- 
posed on the hill-side about a furlong to N.H. along the road); and 
rock of a gneissoid type occurs where the road (joined by that coming 
from the Ferry House) turns sharp to §.H., and by the side of a 
ravine in this latter direction. On the left bank of the same ravine 
it is again exposed, near an-y-maes ; but on crossing the stream 
we find a rotten felsite exposed near Tan-y-perthi, and a little 
further on, by a farmhouse, we are on a knoll of the characteristic 
quartz-felsite. To the 8. of Tan-y-maes, in a field, is a fine greyish 
bedded grit (sometimes brownish); some four yards or more in 
thickness are exposed, and the dip is about 30° to 8.E. This 
rock seems hardly more altered than many Cambrian grits; still, 
as it can be nearly matched from bands intercalated in some of the 
conglomerates, and rock of the granitoid type is exposed in the 


* On map 8,"N. of first “1” in Pengelli. 

+ Running between words “ bush” and “ inn” on map. 

{ The specimen is a gneissose rock, consisting of quartz, felspar, and a dark- 
green mineral, seen also at T'wt Hill, and on close examination shows indications 
of a fragmental structure. 
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next field, it seems more probable that this belongs to the oldest 
series, and is not some faulted Cambrian. 

Mr. Houghton has traced the grit for some distance towards the 
S., beginning with this hill between Gareg goch and Tyddyn bach. 
It occurs at the 8.1. end of the slight knoll on which stand the 
Tan-y-maes cottages, and when traced round this in a N.W. direc- 
tion becomes felspathic, till it assumes the usual type mentioned 
above*. On the E. slope of a hill N. of a lane leading towards 
Griffith’s Crossing from Pen-Rhos farm, the quartzite occurs inter- 
bedded with a felspathic rock; and on the S.W. slope of the same 
hill is the granitoid rock, which also occurs in other places nearer 
to that railway station. 

It results, therefore, that this northern strip of ‘ quartz-por- 
phyry” consists of two very different groups of rocks, divided roughly 
by a line drawn on the map from the left side of the ‘* C” in Elim 
Chapel, between the two “‘n”’s in Bush Inn, between the “r” 
and “alt” in Pen-r-alt, and the “ y” and “ g” in Tan-y-grisrau, 
and probably continued across the patch in the same (S.W.) direc- 
tiont. To the N.K. of this division we have the quartz-felsite 
already described; to the S.W. a group of metamorphic rocks, 
which vary in character from quartzose conglomerates to granitoid 
rocks poor in mica, some of which have considerable resemblance to 
the so-called granite of Ty-Croes, Anglesey, and are probably very 
much older than the quartz-felsite. If there is no faulting, the 
Twt-Hill group is the highest of the metamorphic series, the dip, 
where observed, being approximately 8.S.K. As the length of the strip 
is about 41 miles, 2 of the whole area, coloured red on the map, 
belongs to the Pre-Cambrian (Dimetian) rocks; and the thickness 
of the series, if we may suppose there is no repetition by faults, can 
hardly be much less than 5000 feet. 


Discussion. 


The Presrpent had made microscopical sections thirty years ago 
of the rocks of Caernarvonshire, in illustration of the question of 
the origin of slaty cleavage. When he commenced his work, ridicule 
was thrown on the application of the microscope to the study of 
rocks ; but the papers of the evening had fully shown that this mode 
of study was now regarded in a very different light. 

Prof. Huenrs asked for better proof than had been given by Dr. 
Hicks that his three series are unconformable with one another, 
He thought that Dr. Hicks’s identification of some of the patches 


* The exact boundary will require re-examination at Tan-y-Maes, for I find 
that a specimen which, in the field, I had regarded as a variety of the granitoid 
group is really a spherulitic quartz-felsite, quite unlike, however, any that I 
haye yet scen in this district. It is remarkable how.similar the rocks of these 
two groups now and then are in the field, though under the microscope it 
would hardly be possible to imagine any two things more different.—T. G. B. 

+ Outcrops and pits appear to be wanting in the remaining part of this. A 
rock resembling rotten felsitic grit is just exposed on the road between Bethel 
and Llanddeiniolen rectory, and beyond Gors bach is true quartz-felsite. 


Q.J.G.8. No. 138. Z 
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of rock as Pre-Cambrian was premature. He thought that there 
was evidence that the three series (the granitoid, the felsitic, and the 
volcanic) passed into one another. The sequence of these beds it is 
often very difficult to discover, on account of the difficulty of making 
out which of the divisional planes are due to original bedding and 
which to joints, as well as because of the numerous faults which 
traverse the district, which did not seem to have been taken into 
account. He criticised the views of Prof. Bonney as to the direc- 
tion of the dip of the beds seen near Caernaryon. 

Mr. Rourtey thought that the presence of fluidal structure might, 
in some eases, fail to afford decisive evidence as to the rocks haying 
flowed as lavas, since he thought it possible that such a structure 
might also be formed by a kind of convective action in the throats 
of voleanos. He expressed some doubt as to the sedimentary origin 
of hiilleflintas. He thought that the cryptocrystalline character 
of such rocks might be of secondary origin, and due to the passage 
through them of alkaline waters, as suggested by Mr. John Arthur 
Phillips. 

Mr. Davies regarded the hilleflintas as quite distinct from the 
felstones, as the former contained a larger proportion of silica and 
are of very different physical character. 

Mr. Ruttey, in reply, insisted on the widely variable characters 
displayed by the rocks classed together as felstone. 

Mr. Tawney doubted the advisability of coming a new formation 
to include the quartzites near Haverfordwest, and the qnuartz- 
felsites and grits near Bangor, until their relations had been worked 
out more in detail; the proofs of unconformity to rocks above and 
below he also regarded as dubious. 

Dr. Hicxs had proposed the names of the three series for con- 
venience’ sake. He could vouch for their being unconformable in 
many places, as was proved by the test of included fragments ; 
but at other points they might be conformable with one another. 
He pointed out, in opposition to Mr. Rutley’s view, that both Mr. 
Davies and Prof. Bonney agreed as to the distinction of the hilleflintas 
from the felstones. In reply to Mr. Tawney, he stated that the 
Arvonians were separated from the Dimetians below and the Pebi- 
dians above by great masses of breccias. 

Prof. Bonny replied to the remarks of Prof. Hughes that the 
rocks of the granitoid and felsitic series were very distinct from 
one another. He maintained the accuracy of the section at Twt 
Mill. He thought that the occurrence of derived fragments of the 
rocks in question in the overlying beds placed both the intrusive 
and metamorphic theories of the origin of the felsite series out of 
question. In reply to Mr. Rutley, while admitting that a kind of 
flow-structure might be found in sedimentary rocks, he thought 
that the rocks in question were certainly lavas. He thought that 
halleflintas are usually of sedimentary origin. 


COMMUNITY OF STRUCTURE IN ROCKS OF DISSIMILAR ORIGIN. 327 


27. On Community of Srrucrure in Rocks of DissrmmaR ORieqn. 
By Frank Rurrny, Esq., F.G.8., H.M. Geological Survey. 
(Read January 22, 1879.) 


SPECULATIONS upon the origin of rocks have always been fraught 
with more or less grave difficulties; and although much has from 
time to time been written upon the subject, those writings are in 
very many instances open to the objection that they are merely 
speculations, and that the data from which they have been educed 
are often by no means of a comprehensive nature. Within the last 
few years the microscope has afforded a large amount of information 
respecting peculiarities which were previously unknown in the struc- 
ture of rocks—#mucroscopic peculiarities it is true, but still amply 
sufficient to demonstrate that the cubic inch and the cubic mile of 
rock are often identical in mineral constitution, and built up in the 
same manner. 

Given a patent community of origin, and often a coexisting com- 
munity in the mineral constitution of rocks, we then see little or no 
reason to doubt the truth of many of the deductions which have 
been made; and the geological literature of twenty years ago then 
appears to be often quite as satisfactory as that of to-day. 

It is, however, very common to find that the origin of certain 
rocks is by no means so evident, and the darknéss which veils their 
past history, and the conditions under which they were formed, is 
not always to be dissipated even by the most patient and unbiassed 
research. 

So far as the nomenclature of rocks is concerned, it was a wise 
practice on the part of the older geologists to avoid entering too 
much into detail in the separation of rocks which were more or less 
closely allied in mineral constitution ; and, instead of blaming, we 
should rather thank them for the employment of such generally 
comprehensive terms as greenstone, aphanite, &c., which roughly 
indicate the facies of certain rocks without implying toa definitely 
a knowledge reserved for the students of a later date. 

That this knowledge is still very imperfect there is no doubt ; and 
it behoves modern petrologists to exercise a like cautiousness, and 
to beware lest, in discarding some of the useful terms employed by 
their predecessors, they institute a more complex classification, 
hemmed in by definitions sharper than any which nature warrants— 
definitions which a future generation may bring in evidence against 
them. 

Sharp definitions are, however, to a certain extent a necessary 
evil. Without them no satisfactory classification can exist, and 
without classification no student can work systematically. 

It may be well to consider a few petrological terms and definitions, 
and to endeavour to ascertain how far they tend to elucidate the 
structure, the mineral constitution, and the origin of certain rocks, 

zZ2 
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For example, the terms dolerite, anamesite, and basalt are ac- 
cepted as indicative of variation in the texture of certain rocks 
which are identical in mineral constitution. We may apply any 
of these terms to such a rock, but we do not imply auy difference 
either in the nature or in the relative amounts of its mineral consti- 
tuents. 

These names simply indicate varieties of texture or crystalline 
development; and they probably only denote differences in the 
temperature at which the rock was erupted, or differences in the 
rate of cooling during the solidification of any such mass of rock. 

Be these differences great or small, the origin of these rocks has 
been approximately the same. The temperature during eruption 
and the rapidity of cooling are simply subordinate and relative 
questions: they are mere questions of degree; and dolerite, ana- 
mesite, and basalt are mere phases of one and the same rock. 

Very fine-grained or cryptocrystalline rocks of the basalt group, 
the diorite group, &c. are designated aphanite, a good and useful 
term under which to cloak ignorance; and aphanite, in part, may 
be regarded as a still lower grade in the crystalline development of 
a basalt. 

The same may be said, structurally, of the granitic rocks, which 
range from the coarsely porphyritic granites to the fine- grained 
élyans. 

Between the extremes of development of the constituents in such 
rocks there lies much the same difference as that which exists 
between a dwarf and a giant. The principle which governs the 
development of the large crystals is also evident in the structure of 
the smaller ones. 

If, then, in our classification of rocks such questions of relative 
magnitude i in the development of crystals may be ignored, how much 
more justly may they be set aside when we come to consider the 
structure of clastic rocks? The differences between shingle, scree- 
material, gravel, and fine sand merely represent the differences which 
we find in their cemented and consolidated representatives, conglo- 
merates, breccias, grits, and sandstones. ‘The finest-grained sand- 
stone or grit is but a conglomerate or breccia in miniature. The 
terms lapilli and ash, as applied to volcanic ejectamenta, also merely 
indicate degrees of comminution. 

Certain substances, however, are more easily susceptible of fine 
division than others ; and in the mud which, on consolidating, forms 
shales and slates, aud in the more finely pulverized volcanic dust 
which on levigation gives rise to mud streams, such as the moja of 
the Andes, we find probably the extreme limits of mechanical 
power as applied to the natural disintegration of rock matter. 

Before quitting the subject of relative dimensions in the constituents 
of rock masses, it may be worthy of remark that the term porphyritic 
is one which is conyeniently, though unjustly, limited. Rocks which, 
to the naked eye, present no porphyritic appearance whatever are 
often seen, under the microscope, to be perfectly deserving of the title, 
the magnified image exhibiting all the characters which distinguish 
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coarsely porphyritic rocks. Macroporphyritic and microporphyritic 
are convenient terms by which to indicate such differences. 

The next question which seems worthy of consideration is the 
importance which should be attached to the rounded contours of the 
fragments and crystals which enter into the constitution of many 
rocks, attaching importance to the question mainly because a just 
solution of the various cases which present themselves may serye to 
throw considerable light on the origin of the rocks in which such 
rounded fragments and crystals occur, and because we may thus be 
enabled in time to distinguish the different causes which Hane been 
instrumental in obliterating angularity. 

We find fragments and crystals which have unquestionably been 
rounded by attrition. The attrition has in some instances been 
produced by the motion imparted to these bodies either by running 
water or by the action of waves on coasts. In other instances it is 
due to the ejection of fragments and crystals from volcanic vents, 
operating both during their upward journey and their descent. 

Again, we find rounded erystals occurring in volcanic rocks, 
notably in those of a vitreous character, and we also meet with them 
occasionally in rocks of a totally different origin (e.g. the coccolith 
grains in certain limestones and the glauconite grains in some 
sedimentary rocks; the latter are, however, often the internal casts 
of Foraminifera). 

In some cases crystals present rounded forms, due to aborted 
development, as instanced by Prof. Renard in the orthoclase crystals 
of the porphyroids of Mairus and Laifour in the Ardennes. These 
crystals have, externally, the aspect of water-worn pebbles; but 
when broken open they are all seen to be twinned on the Carlsbad 
type. This is probably a much more frequent cause of the rounded 
appearance of crystals than is generally supposed. 

The roundish amygdaloidal kernels of calespar which occur in 
vesicular rocks sufficiently demonstrate their secondary origin by 
their polysynthetic character ; but in the case of other minerals 
which sometimes occupy such cavities, it is not always so easy to 
demonstrate that they have been subsequently infiltered, although 
there can, as a rule, be little doubt on the subject. The difficulty 
in such demonstration lies chiefly in showing that their origin is 
not concretionary, since in radial crystallization and in concentric 
zonal structure they often simulate coneretions and spherulitic 
bodies. It appears, indeed, an open question at times whether the 
amygdaloidal character of some rocks is not rather due to conere- 
tionary developments than to the filling in of vesicles. 

If the amygdaloids in such rocks consist of calearcous or other 
readily soluble matter, the rocks, when weathered or when treated 
with acids, present the character of true vesicular rocks, and, without 
duo precaution, very erroneous conclusions may be formed concerning 
their real nature and origin. Some of the vesicular Bonelicine 
afford good examples of this kind; and a highly vesicular character 
is sometimes imparted to certain micaceous eruptive rocks by the 
weathering out of the crystals and scales of mica, which, at first, 
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leave definitely shaped cavities or moulds of the departed crystals ; 
but these in time become further weathered into more or less sphe- 
rical cavities, so that at length the rock resembles a scoriaceous lava. 
The rock at Washfield, near Nether Stowey, is a good example of 
this. 

We must not, indeed, always impute an eruptive origin to every 
rock which exhibits traces of vesicular structure, since vesicles may 
even be met with in sediments. They are, however, very rarely seen. 
The marsh-gas derived from decaying animal and vegetable matter 
may account for their presence in the mud of ponds, brooks, &c. ; 
for, if we stir such mud gently with a stick, bubbles of gas are freely 
disengaged, and it is consequently evident that they must exist, 
pent up within the mud. 

If the decomposing matter lie beneath merely a thin covering of 
mud the gas-bubbles, as they become naturally disengaged, will 
probably pass completely through it; but, in other cases, where the 
superstratum of mud is thick, the bubbles may only pass some little 
distance into the mud; and if such a deposit became quickly dry 
(as it might do on a muddy shore or in an estuary when the tide 
went out), it is quite possible that the gas-bubbles would form per- 
manent spherical cavities. Under similar conditions raindrops, 
worm-tracks, and footprints have formed permanent records, and 
like conditions ought to suffice for the preservation of a vesicular 
structure in fine muddy sediments in which organisms have decom- 

osed. 
A That records of this kind are of rare occurrence is doubtless due 
to the obliterating disturbance produced by the returning tide. 

That they are so seldom observed is also due, in part, to the infil- 
tration of mineral matter in solution after the consolidation of the 
deposits. 

In rocks of this kind which have undergone little or no compres- 
sion such cavities would be spherical; but in all old deposits which 
haye undergone the pressure of a considerable thickness of superin- 
cumbent strata, we should naturally expect to find them ovate or 
lenticular. The irregular form of the vesicles so commen in eruptive 
rocks must be attributed to forcible injection of gas or vapour, com- 
pression, or the irregular motion of surrounding matter in a viscid 
condition or sometimes even in a state of ebullition. A pisolitic 
structure is occasionally met with in fine pumice tuffs, and is stated by 
Cotta* to be due to the action of raindrops, being a phenomenon 
similar to that which is produced at the present day when showers 
of rain accompany showers of volcanic ashes. The spherical form of 
volcanic bombs is due to the rotation of masses of molten matter 
during their projection and fall through the air. We have now 
reviewed the principal causes which account for the rounding of 
erystals and fragments of mineral matter and for the spherical or 
spheroidal cavities and kernels which occur in rocks; but there are 
other spherical and spheroidal forms which have yet to be considered, 
and which are also of considerable petrological interest. In many 

* Rocks Classified and Described (London, 1866), p. 309. 
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vitreous rocks, such as pitchstones and obsidians, spherules are often 
developed in great profusion. These appear to represent devitrifi- 
cation around certain points; and similar bodies may sometimes be 
observed in window-glass. Spherules in vitreous rocks usually have 
a radiately fibrous or incipient crystalline structure, often accom- 
panied by a concentric zonal banding which is generally peripheral, 
or is, at all events, more strongly perceptible towards. the margin. 
What starts the devitrification in these spots, and what constitutes 
their nuclei, are questions which yet remain to be worked out; but 
in some instances minute crystals or grains of magnetite &c. may 
be seen to occupy the centres of these bodies. They are not related 
to amygdaloidal, concretionary, or perlitic structures, and, if they 
have any representatives, they are probably crystallites, or rudi- 
mentary phases of aborted crystals, such as those already alluded to. 
In some rocks they are seen to run in regular planes or bands, and 
occasionally coalesce and form continuous belts. 

Then, again, there is perlitie structure, upon which Prof. Bonney 
and Mr. Allport have already written able papers, demonstrating 
its relation to spheroidal structure. Then there is the coarse sphe- 
roidal structure which is at times associated with columnar structure, 
while occasionally it seems to occur in an independant manner; and, 
in the latter instances, it might not be an altogether unprofitable 
inquiry to attempt to ascertain the relation which ordinary con- 
choidal fractures bear to these spheroidal surfaces. The microscopic 
cavities filled with gas or vapour, which are frequently spherical, 
and the little cavities containing fluids and sometimes vitreous 
matter, and which are seldom spherical, do not materially influence 
the broader questions which I now wish to raise, although, when 
present, they should never be ignored. 

Finally we have concretionary structure, commonly giving rise to 
spherical, spheroidal, or lenticular forms of most variable dimensions, 
ranging from minute oolitic bodies up to the large balls which are 
met with in slate-quarries and the ironstone nodules which occur in 
the Coal-measures. 

Ihave by no means enumerated all the varieties of structure 
which come under these different heads, since in this paper I am 
anxious to deal with minutiz only when they affect principles. 

The following table is an attempt to-classify the component parts 
of rocks :— 


Heanite megascopic. 
( microscopic. 
Crystallizations ... ‘macrocrystalline )\ 
indefinite... 4 microcrystalline | 
| eryptocrystalline t 
PVINGROLCIGIMCMNAULOM: ss eececceccscsesseuceerneccccseseacbsongs 
AOE PROMS TAAGLEN!), .)deiusucsecsvuscaesstvevesseedencoescts 
(interstitial (cements in clastic rocks). 
| venous. 
Infiltrations ...... 4 amygdaloidal. 
| internal casts of fossils, 
| metasomatic, 


Ground-masses and in- 
terstitial residues. 
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by infiltration. 
Pseudomorphs ... {Y replacement. 
by alteration.. ee oer 
if psephitic (breccias and conglomerates). 
Clastic matter...... psammitic (sands). 
| pelitic (muds). 
animal. 


Organic remains... { vegetable. 


After this short réswmé of the leading structural characters which 
rocks present, it may be well to follow it up by a consideration of 
certain rocks, or groups of rocks, in which structural peculiarities 
may be regarded as indicative of their origin, and others in which 
structural ‘hesnchens are of no value in elucidating the conditions of 
their genesis. 


Rock-forming materials. 


( Crystals with sharp angles. 
5 with rounded angles. 
| ie with no angles (aborted crystallization). 
Fragments of erystals with sharp angles. 
| a with rounded an gles. 
| C) ~ystalline grains of irregular and angular form, as in 
granites. 
C ~ystallites. 
Fragments of Rocks with sharp angles. 
ae with rounded angles. 
Segr egations, Concretions, &e. 
Solids, fluids, vapours or gases filling, or partially filling, 
cavities in minerals and rocks(amygdaloids, fluid-cayities, 
t steam-pores, &c.). 
Solids precipitated from infiltered solutions and constitu- 
{ 
| 


Common to Erup- | 
tive and Clastic 4 
rocks. 


ting cements. 

Solids precipitated from solution, constituting rock masses 
entirely or partly. 

Solids secreted from solution and from other sources by 
organic agency, forming the tests of Foraminifera, Mol- 
lusks, &c., and the bones of vertebrate animals. 

Peculiar to Erup- { Amo “phous glassy matter, resulting from the rapid cooling 

tive rocks. of fused mineral matter. 

Peculiar to Clastic { Débris water-worn 

rocks. 1, unwater-worn 


Peculiar to Clastic 
rocks. 


} cemented and uncemented. 


In the preceding table I have treated all rocks under two heads, 
the Eruptive and the Clastic. 

The latter may be divided into :— 

Ordinary Clastic rocks or ordinary detrital sediments, and Pyro- 
clastic rocks or volcanic ejectamenta. 

As examples of eruptive rocks containing crystals with sharp angles 
may be cited :—Buasalts, in which the augite, felspars, nepheline, 
magnetite, &c. occur in well-developed orystals; Phonolites, in which 
the nepheline and other constituents are commonly well crystallized ; 
Granites, in which the felspars, apatite, and often the micas are met 
with in well-formed crystals. 

As instances of eruptive rocks containing crystals with rounded 
angles we may quote :—Basalts, in which the olivine crystals very 
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commonly present rounded angles or occur merely in rounded pellets 
or grains; Lewertophyrs, in which the leucite crystals sometimes 
give almost or quite circular sections ; Granites, in which the felspar 
erystals are sometimes rounded; Quartz-porphyries, in which the 
quartz frequently occurs in rounded grains; Porphyrites, in which 
quartz sometimes occurs in rounded grains similar to those in quartz- 
porphyries ; Porphyritic pitchstones and other vitreous rocks, in 
which the felspars and other porphyritic crystals often present 
rounded angles; Volcanic ejectamenta, in which rounded crystals are 
of common occurrence. 

Among Sedimentary rocks, Grits and Sandstones commonly consist 
in great part of crystals of quartz and felspar with rounded angles ; 
but these minerals are more often completely rounded, so that they 
frequently show no trace of crystalline faces. 

The porphyroids sometimes contain crystals which present per- 
fectly rounded contours ; but it has been shown, as already mentioned, 
that, in some cases at all events, their rounded contours are due to 
aborted crystallization. The Tiree limestone contains coccolite, 
rounded grains of augite. 

The Folkestone beds of the Lower Greensand contain rounded 
grains of glauconite; but, as already mentioned, the form of these 
grains is, at all events in some instances, due to the glauconite 
haying been deposited in the interior of Foraminiferal tests &c. 

Among the metamorphosed rocks, garnets frequently occur in 
rounded forms which evince no external trace of crystallization. 
The minerals chondrodite and pargasite also occur in roundish 
grains in granular limestones. 

Whether a connexion exists between any of these rounded forms 
(excluding, of course, those rounded by attrition) and the curvature 
of the faces of certain crystals, is a problem which may possibly 
deserve attention. 


In the Cubie system we have examples of 


Curvature in Rounding in 
Diamond. Garnet. 
Leucite. 
In the Rhombic system, 
Curvature (?) in Rounding in 
Olivine. Olivine. 
Chondrodite. 
In the Hexagonal system, 
Curyature in Rounding in 
Dolomite, Quartz. 
Chalybite, 


Corundum. 


In the Monoclinic system, 


Curvature in Rounding in 
Selenite. Augite, 
Orthoclase. 


Note. In this table the word curvature is used to signify the curvature of 
definitely developed faces of crystals, accompanied, of course, by curvature of 
the edges formed by the junction of such faces ; while the word rounding denotes 
abrasion of the surfaces of a crystal, which tends to obliterate edges and angles 
and to reduce the erystal to a spherical or spheroidal form. 
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These are only a few examples, and a comparison of them does 
not certainly seem to promise any useful results. 

The occurrence of fragments of crystals with sharp angles may 
be due either to the fracture and comparatively slight displacement 
of crystals developed in a rock, such as the fractured and faulted 
-erystals sometimes met with in eruptive rocks of various kinds, 
especially in lavas; or to the fracture and wide dispersion of the 
resulting fragments ef crystals, such as one meets with in volcanic 
ejectamenta and in sedimentary rocks. ‘The one case differs from 
the other only in the fact that, in the case of imbedded crystals, the 
dispersion of the fragments could not take place to any great extent ; 
while in the other instance the crystals have been entirely or par- 
tially isolated prior to fracture, and the fragments were consequently 
free and capable of performing long journeys. Such fragments 
would naturally lose more of their angularity in proportion to the 
distance over which they travelled, unless transported under condi- 
tions in which attrition was impossible. 


That microcrystalline felsitic matter and eryptocrystalline felsitic 
matter, or ordinary felstones, felspathic sandstones and grits, arkose, 
granulite, and devitrified hyaline rhyolites, are closely allied is a 
point which I shall now endeavour to demonstrate. 

The terms microcrystalline and cryptocrystalline, as used by Prof. 
Rosenbusch, are here purposely employed to designate the condi- 
tions of felsitic matter known as felstone, because they have, or are 
assumed to have, a more or less definite mineral constitution, as 
implied by the term ortho-felsite of Dr. Sterry Hunt, consisting of 
crystalline grains of felspar (typically orthoclase) and quartz. These 
grains do not always show definite boundaries, but often appear 
under the microscope, in. polarized light, to shade off one into 
another, representing what Zirkel describes as ‘ unindividualized 
granules.” 

When the grains are individualized it then becomes a matter of 
considerable difficulty to distinguish between such felstones and 
certain granitoid rocks such as haplite and perhaps granulite, and 
also between such felstones and certain sedimentary rocks in which 
little or no perceptible cementing matter occurs, as in some examples. 
of felspathic grit, sandstone, and arkose ; and I believe that to this 
similarity is due much of the confusion in the statements concerning 
the origin of some of our bedded felstones, some observers main- 
taining that they are contemporaneous sediments in which erys- 
tallization from aqueous solution has supervened, while others 
contend that they are true eruptive rocks which have crystallized 
on cooling. Be their origin, however, what it may, the point which 
I now wish to establish is their community in mineral constitution 
and their approximate or, possibly, in some cases absolute community 
of structure. 

Felsitic matter, however, as Zirkel observes, must not always be 
confounded with the idea of felstone. Felsitic matter is a very 
comprehensive term, and, in spite of all that has been written about 
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it, a very ill-defined term for matter possessing very ill-defined 
structure. Itis commonly stated that in its most typical develop- 
ment it is almost totally amorphous, frequently exhibiting little or 
no double refraction. Now I wish this point to be specially borne 
in mind, because we often find that more or less clear and translucent 
amorphous matter, glass in fact, both artificial and natural (as 
obsidian, pitchstone, &c.), has undergone change of such a nature 
that what was glass is no longer glass, what was once amorphous 
is now crystalline in structure, and that this change has resulted in 
the production of felsitic matter. 

Many of these hyaline rhyolites have approximately the chemical 
composition of felspars; and we find not merely such amorphous 
rocks, but at times we also meet with individual crystals of felspar 
converted into a similar felsitic substance. 

It is common to find that in proportion to the age of such rhyolitic 
rocks so is the change which they have undergone, and, in extreme 
phases of devitrification, it often becomes most difficult to speak 
with any thing like certainty about their origin or to distinguish 
them from sedimentary rocks, such as felspathic grits and sandstones. 

Evidence, indeed, is not wanting, especially in North Wales and 
in the Lake-district, to show that rocks which are commonly re- 
garded as volcanic ashes, and which certainly have a fragmentary 
constitution, pass by almost insensible degrees into true felstones or 
hilleflintas. 

Here, then, we find that we have at times scarcely any means 
of distinguishing between lava-streams which have represented the 
most extreme phase of igneous fusion, clastic rocks, possibly repre- 
senting volcanic ejectamenta, and detrital rocks which have been 
deposited as sediments in water. The rocks of all these classes 
have once formed superficial layers and may consequently occur 
interbedded with stratified rocks. 

It may at once be said, ‘“‘ Look for alteration of beds subjacent to 
lava-flows!” A good and wise precaution! but alteration is not 
always to be found. Where this test fails, how shall we manage 
to assign a definite origin to such rocks with any certainty? This 
is best answered by an examination of recent vitreous rocks, which 
very frequently present distinctive characters. One of the most 
marked is the phenomenon of fluxion-structure ; yet even this is to 
a certain extent simulated in detrital deposits. 

It is not, for instance, uncommon to find large stones imbedded 
in laminated sediments ; and where this is the case the laminve which 
overlie the stone, and often those below it, are deflected from the 
general planes of lamination and sweep round the unyielding mass 
in curves which approximately correspond with its outline. We 
find the same thing reproduced on a small, often on a microscopic, 
scale in schistose volcanic ashes and tuffs; and the appearances thus 
produced are frequently very suggestive of fluxion-structure and are 
extremely deceptive to those who haye had but little experience in 
the microscopic diagnosis of rocks. 

Let us now consider tho characters by which we may or may 
not safely distinguish volcanic ejectamenta from other rocks, 
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(1) Volcanic ejectamenta (ashes, dust, sand, and lapilli) consist 
of fragments of minerals and fragments of rocks. These fragments 
are sometimes angular, at other times they exhibit rounded con- 
tours. Besides these fragments they often consist to a greater or 
less extent of entire crystals, which may also have their angles and 
edges either perfectly sharp or else rounded. In all cases the 
rounding is due either to attrition or fusion, or to both of these 
causes. 

(2) Sedimentary rocks (especially grits, sandstones, and tufts) 
consist of fragments of minerals, and sometimes fragments of rocks. 
These fragments may be either angular or rounded. Sedimentary 
rocks also frequently contain entire crystals, which may also have 
their angles and edges either perfectly sharp or else rounded. In 
all cases the rounding is due to attrition, except in crystals whose 
development has been aborted, or unless actually fused volcanic 
ejectamenta have become incorporated with the sediments. It is 
possible that in some cases sandstones may result from actual 
crystallization from solution; and the formation of flint may be 
regarded as due to a similar origin. A felspathic grit formed under 
such conditions may not be distinguishable from a felstone either 
structurally or mineralogically. From these considerations we may 
assume that, structurally and mineralogically, as flint is to sandstone 
so is felstone to felspathic sandstone ; and since flint appears to be an 
intimate admixture of crystalline and amorphous matter, the polari- 
zation-picture of flint closely resembles that of some forms of 
petrosilex or felstone. 

(3) The minerals which constitute volcanic ejectamenta are the 
same as those which enter into the constitution of lavas or other 
eruptive rocks, the former being usually derived either in great part 
or entirely from the latter. 

These minerals are principally felspars, augite, hornblende, olivine, 
micas, and quartz. 

(4) The minerals which constitute sedimentary rocks are chiefly 
quartz, felspars, micas (in rocks of the grit, sandstone and tuff types), 
clays partly resulting from decomposition of felspars, serpentinous 
matter, chlorite, &c. resulting from the decomposition of augite, stea- 
tite, tale, hornblende, olivine, &c. 

(5) The minerals occurring in the two classes of rocks may there- 
fore be classed as follows :— 


Volcanic ejectamenta and Sedimentary rocks, 
other eruptive rocks. Grits, Sandstones, Tuffs, &e. « 

Felspars. Felspars and decomposition-products from felspars. 
Augite. Decomposition-products from augite. 
Hornblende. Fe Bs » hornblende. 
Olivine. 5 3 > Olivine. 
Micas. Micas. 
Quartz. Quartz. , 


Clays, shales, and slates may consist of materials 
derived from the decomposition of felspars, usually 
with admixture of more or less quartz, and some- 
times mica or tale, &e. 
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Carbonate of lime may occur in either eruptive or sedimentary 
rocks—in the former as cements or other infiltrations ; in the latter 
case either constituting entire rock masses or forming cements, &c. 

From this tabulation we see that felspars and quartz are the 
principal minerals common both to pyroclastic and clastic rocks, 
while it is quite possible for any of the other minerals, or alteration- 
products from them, to be also common to the rocks of both classes. 

(6) The nature of the changes which the foregoing minerals suffer 
from the action of heat are somewhat variable. 

The felspars may become fused superficially, or reduced to a com- 
plete state of fusion throughout. Microscopic examination of per- 
tectly fused felspar shows it to be a thoroughly amorphous substance, 
possessing the optical character of homogeneous glass. 

Lacunz of glass are common in many of the minerals constituting 
volcanic ejectamenta, and it is not uncommon to find fused surfaces 
on these crystals. Moreover the minerals in many lavas also contain 
glass lacunz, so that frequently no distinction can be made between 
the minerals occurring in lavas and those met with in volcanic ejec- 
tamenta. This is not to be wondered at, since ashes, lapilli, &c. are 
derived at times from the disintegration of lava, or possibly more 
often from the bursting-up by volcanic explosions of viscid magmas 
similar to those from which the lavas are derived. 

(7) An examination of recent lavas, erupted both beneath the sea 
and on land-surfaces, shows that no appreciable difference exists 
between them. 

(8) Both lavas, intrusive sheets of molten rock, and volcanic 
ejectamenta may occur interbedded with ordinary sedimentar 
rocks ; and except from alteration of the adjacent sediments at the 
contact of the lavas at their lower surfaces, and at the upper and 
lower surfaces of the intrusive sheets, there is no evidence to be pro- 
cured in the field to show whether a certain bed represents a volcanic 
ash, a tuff, or an ordinary detrital sediment such as a felspathic grit. 

The intercalation of clastic rocks with lava-flows lends considerable 
probability to the assumption that such rocks may be of pyroclastic 
origin; but it does not afford conclusive evidence, since we occa- 
sionally meet with ordinary sedimentary deposits occupying similar 
positions. 

(9) In view of the foregoing considerations, I think we ma 
assume that :—Neither the angularity of fragments and crystals, the 
rounding of fragments and crystals, the mineralogical or lithological 
character of fragments and crystals (except perhaps the fusion of 
surfaces of crystals, their envelopment in glass, or the presence of 
separately fused fragments of glass), the inclusions in crystals, the 
presence or absence of cementing matter, the petrological associations, 
nor the mode of occurrence afford any certain clue to the origin of 
fragmentary rocks, and that assertions hitherto made regarding 
their pyroclastic origin are incapable of demonstration, except in 
instances where it is known that no submergence of land has taken 
place in particular areas since certain periods of volcanic activity, 
or in instances in historical times in which showers of ashes have 
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actually been seen to fall. We may admit that in many cases such 
assertions are backed by great probability and are very likely correct ; 
but, in the present state of knowledge, we should often accept them 
rather as theories than as facts. 

The writings of Zirkel, Vogelsang, Von Lasaulx, Rosenbusch, and 
Penck have to some extent helped us to a right understanding of 
the relative points of resemblance and difference between volcanic 
ejectamenta and other rocks which may assimilate to them either 
in mineral constitution or in structure ; but apparently there is much 
more to be learned before we can safely speculate on the pyroclastic 
origin of many of our older rocks. 

Having now considered some of the elements of doubt which 
frequently perplex us, let us look for a few of the phenomena which 
may serve to dispel this uncertainty, first with regard to clastic and 
pyroclastic rocks, and next in the case of grits, felstones, and once- 
vitreous lavas. shied 

(i) A pyroclastic rock may sometimes be distinguished from an 
ordinary clastic rock by the presence of crystals which are more 
especially characteristic of lavas and which, as a rule, would become 
decomposed prior to the atmospheric disintegration of the lavas which 
contain them. ‘This, however, is not always a trustworthy character, 
since it is often difficult to distinguish between tuffs and consolidated 
ashes. A safer means of discriminating between pyroclastic rocks 
and ordinary clastic rocks lies in the occurrence in the former of 
crystals with fused surfaces or with vitreous envelopes, and of isolated 
shreds of vitreous matter. These are the best evidence ; while in 
the next place a paucity or absence of quartz may also be regarded as 
in favour of pyroclastic origin so long as the quartz does not appear 
to have been derived from its dissociation from silicates, in which 
latter case felsitic matter would probably be the result. 

In many cases it appears quite impossible to distinguish a consoli- 
dated ash from a volcanic tuff. Indeed atmospheric degradation and 
voleanic eruption going on synchronously, it is quite possible to 
find rocks of a mixed character—rocks, in fact, which are partly 
tufaceous and partly ashy; and these, again, are sometimes mixed 
with ordinary sediments. 

(ii) A felspathic grit may be distinguished from a felstone dyke 
by its mode of occurrence, and from an interbedded felstone by the 
occasional fragmentary character of the felspar crystals &e. and 
by the presence of a cement, which often is of a friable nature, 
rendering the fracture or disintegration of the rock an easy matter. 

(iii) The characters which may serve to distinguish a deyitrified 
or felsitized pitchstone, obsidian, perlite, or rhyolite from a felstone 
are :—Fluxion structure, especially when indicated by bands or the 
remains of bands of unaltered glass, or when indicated by devitrified 
bands which differ from the surrounding matter in microcrystalline 
or cryptocrystalline development or texture, or, again, as indicated 
by streams of microlites following definite directions. 

The presence of perlitic structure. 

The presence of spherules lying in bands. 
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The occurrence of bands formed by the coalescence of spherules. 

The presence of glassy matter in strings or bands is, however, 
one of the safest tests. 

The rounded contours of porphyritically imbedded crystals also 
serve to distinguish a once-vitreous lava from a felstone. 

There is a close relation in chemical composition between hyaline 
rhyolites, felsites, &e. 

The devitrification of hyaline rhyolites may also result in hiille- 


-flinta or felsite without any marked change in the chemical composi- 


tion of the rock; and this indicates that devitrification is rather to 
be regarded as a physical change. 


Deductions. 


In this paper I have endeavoured to show:—(1) That many 
rocks to which different names have been applied are identical, some- 
times in mineral constitution, sometimes in structure, and that they 
merely differ in the relative dimensions of their constituent crystals, 
grains, or fragments. 

(2) That the rounded forms of crystals and fragments may be due 
to various causes already specified. 

(3) That vesicular and amygdaloidal structure may be due to 
various causes already specified. 

(4) That other spherical or spheroidal structures occurring in 
certain rocks are due to various causes already specified. 

(5) That in view of the foregoing considerations it may be well to 
roughly classify all rocks as eruptive and clastic, and to subdivide 
them according to certain structural peculiarities, as indicated in the 
classification proposed in this paper. 

(6G) That both angular and rounded fragments frequently occur in 
the same rock, and consequently that sedimentary rocks cannot be 
characterized as consisting exclusively or especially of rounded 

rains. 

(7) That the microscopic characters of felsitic matter in some cases 
may, in others may not, afford a clue to the origin of certain rocks ; 
and that, since, in many cases, lavas and volcanic ejectamenta are 
often bedded, just like sediments, no distinction can be found, either 
by observation in the field, by pyrognostic deportment, or by micro- 
scopic examination, between certain devitrified lavas, felstones, and 
arenaceous sediments, when they all present felsitic characters, and 
between certain grits, breccias, tuffs and volcanic ashes. 


Let us for a few minutes consider what are the bearings which 
recent petrological investigations have with regard to past geological 
work. With every modern appliance it is often difficult or im- 
possible to pronounce more definite opinions upon the character or 
origin of certain rocks than those which were enunciated years ago. 
The more we learn about some rocks the less are we disposed to 
assien them definitely to any particular origin; and we are not un- 
frequently compelled to fall back upon the vague terms of our pre- 
decessors as harbours of refuge in which to shelter until more 
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knowledge is acquired, and we can again sail out into the sea of 
legitimate speculation. For this reason I would strongly deprecate 
the abolition of the terms greenstone and aphanite. To uphold the 
old statements with regard to volcanic ash is a much more delicate 
question, since we can, in many cases, prove that these so-called ashes 
may be other rocks, although we are not always in a position to 
prove definitely that they are not ashes. In such instances I would 
earnestly suggest that the terms tuff or breccia be employed, as sig- 
nifying a clastic rock which is not necessarily of pyroclastic origin. 

The older observers deserve all honour for the skill with which they 
frequently detected lithological differences; under similar circum- 
stances few petrologists of the present day could do better; and even 
when the latter have recourse to methods of investigation, formerly 
unknown, they are often compelled to admit the ability with which 
the old work was done, and in many cases the surprisingly acute 
perception of small lithological differences which it evinces. By 
patient study we shall, year by year, get nearer and nearer the truth ; 
but in the present state of our knowledge such an object would be 
considerably retarded if previous experiences were ignored and old 
ideas and old terms ruthlessly abolished. 

It is not quite easy to realize how much we owe to the labours of 
those who have gone before us ; and the least we can do is to recog- 
nize those labours when the results prove to be correct, and to deal 
leniently with errors into which any men might have fallen under 
similar circumstances. The old work ought not to be set aside 
until all facts have been carefully sifted out and preserved ; and it is 
to be hoped that in time some of our pioneers will modify their 
opinions, and thus help their successors in breaking down a few 
of the old-established barriers which for years past have obstructed 
progress, and in building up a stronger and a better belief, com- 
mended by a simplicity of theory and based upon a multiplicity of 
facts. 


Discussion. 


The Presrpent confined his remarks to the question of the 
rounding of grains in stratified rocks. His own experience showed 
that while the larger particles in sandstone rocks are rounded, those 
of smaller size are quite angular. 

Prof. Bonnny, though agreeing with the author as to the great 
difficulty of distinguishing rocks of different modes of origin, was, 
however, inclined to take a more sanguine view, and to hope that 
the experience gained by long and careful study will enable the 
microscopist to discriminate between clastic and pyroclastic rocks. 
He also took exception to the views of the author concerning the 
formation of amygdaloids. 

Dr, Hicks remarked on the suggestiveness of the paper to those 
engaged in the study of the older rocks. He demurred to the 
author’s views as to the deep-sea origin of the Coniston grits. 


Scns 
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The Prusipent remarked that many rounded grains of glauconite 
were not formed by the infilling of Foraminiferal cavities. 

The Avruor, in reply to the President’s remarks, stated that he 
had not studied the relation between the size of the grains of sand 
and their degree of rounding. He agreed with the President as 
to his views on the subject of glauconite grains. In reply to 
Professor Bonney, he stated that some of the cases to which he had 
directed attention were rather exceptional, and that in the majority 
of instances no such difficulties as those to which he had alluded 
are met with. He considered that many of the rocks hitherto re- 
garded as pyroclastic really consist of volcanic ejectamenta, but. 
that there was often great difficulty in demonstrating this assump- 
tion. In reply to Dr. Hicks, he expressed a belief that the fossils 
of the Coniston series indicate former deep-sea conditions. 


Q.J.G.8. Ne. 138. 2A 
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28. On the OccurRencr of Brancnipus (or CHIROCEPHALUS) in a 
Fosstn State, associated with KospHmRoma and with numerous 
Iysecr-ReMAIns, in the Kocenrt FREsHwAter (BEMBRIDGE)- Liwe- 
stonz of Gurnet Bay, Isnz or Wieut. By Henry Woopwazp, 
LL.D., F.R.S., F.G.S. (Read December 19, 1877.) 


[Puare XTV.] 


Tuere is hardly a spot in the British Islands so well known to 
geologists at large as the Isle of Wight. 

Exhibiting, as it does, so many fine and varied natural sections 
in its cliffs, from the Wealden up to the Quaternary, it has attracted 
the attention of observers from the days of Sir H. Englefield, Bart. 
(1816), and since that date of Captain L. L. Boscawen Ibbetson 
(1849), of Dr. Mantell, Prof. Prestwich, Prof. Edward Forbes, Mr. 
H. W. Bristow, and quite recently of Dr. C. Barrois, of Lille, who 
has added considerably to the geological literature of the island. 

The sections and map of the Isle of Wight published by the Geo- 
logical Survey of Great Britain, and accompanying Mr. Bristow’s 
valuable memoir, leave apparently little to be desired ; but much 
has yet to be done in order to complete our knowledge.of the vast 
series of fossil remains which are constantly being discovered, espe- 
cially the large collections yielded by the fluvio-marine series. 

The Hempstead and Bembridge* beds have long been known 
and studied by the late Prof. H. Forbes and others, and have yielded 
a rich series of fossils to the labours of Henry Keeping, many of 
which have already been described in Frederick Edwards’s mono- 
graph and elsewhere. The plant-beds at the base of the Eocene 
series in Alum Bay, already partially examined by De la Harpe and 
Salter, are now likely to be thoroughly worked out by the energetic 
labours of Mr. J. Starkie Gardner, F.G.S., aided in the determi- 
nation of the plant-remains by Mr. W. Carruthers,‘ F.R.S., F.G.S., 
and the Baron von Ettingshausen, who have both promised their 
cooperation. 

The fossils of the Hocene marine series have been studied by 
many able geologists—Lyell, Forbes, Edwards, Owen, Bowerbank, 
Mantell, and others. 

But between the Bagshot beds (Middle Eocene) and the Hemp- 
stead and Bembridge beds (Upper Eocene) one meets with the 
Headon and the Osborne or St. Helen’s beds, forming the lower part 
of the fluvio-marine series of the Isle of Wight. 

This series consists of an aggregation of beds of freshwater, 
estuarine, and marine origin, the Headon beds being computed by 
Mr. Bristow at from 133 to 175 feet in thickness at Headon Hill 
and Whitecliff Bay, whilst the Osborne series attains a total thickness 
of 79 feet. 

Chara Lyell, C. medicaginula, C. Wrightii, and Carpolithes 
ovulum and C. thalictroides are the only plants recorded. 

* Lyell’s earliest papers related to these beds. 
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Of Crustacea there have been found :—Candona Forbesit, Cythe- 
rideis unisulcata and C. Colwellensis, Cytheridea debilis, Miilleri, and 
perforata, Cythereis cornuta, Cytherella Miinsteri, Cythere plicata, 
C. angulatopora, and C. Wetherelli ; also two Cirripedes, Balanus un- 
guiformis and Pollicipes reflexus. 

These, with about 42 genera of Mollusca (many of which are 
estuarine and freshwater, and some land species), make up the 
known fauna of these beds at the time of the Geological Survey 
Memoir. 

To Mr. E. J. A’Court Smith is due the credit of the discovery of 
a thin but very richly fossiliferous band in this series of deposits at 
Thorness and Gurnet Bays, near Cowes, which has largely increased 
the interest of these beds, especially by a very important addition 
to the known terrestrial forms of life belonging to the HKocene 
period. 

The section is as follows :— 


General Section at Thorness and Gurnet Bays. 


Thickness. 
Surface soil. ft. in. 
I. Grey Clays with occasional bones of Hmys or Toe peas 10 0 
II. Lighter (Yellow) Clays with broken gshells.............:..00+6 2 0 
IIL. Limnca Limestone with Planorbis and bones of Emys, also 
hard concretions (Hard limestone bed) .........0ceseseecees 0 
TV. Variegated fossiliferous Clays .......cs-sscessesesessienecoraseues 8 0 
VY. Upper Limestone beds with Limnea and small oblong 
Osten (Oscncc spine cmtcn scrcince ase snasecestcenteni sciatica 3 0 
VI. Band of loose shells with Ostreg and Sharks’ teeth ......... 0 6 
WIT, Leto) (Cllenyss yall) GOmZiXG, \acnedesosnaxnacsooconandacnpsseqeseedb50dd 3 0 
VILL. Fossil Plant and Insect-bed ............cccssccescecsveseenscvenses 1 0 


Base of cliff, 


«The Limestone at Hempstead Ledge” (5 miles 8.W. of Gurnet 
Bay), writes Mr. Bristow *, “consists of three beds with other 
softer beds between, and contains numerous Limnea longiscata, Pla- 
norbis, Chara, &c. There, aswell as in Gurnet Bay and at West Cowes, 
it appears to be about 15 or 16 ft. thick. It presents very uniform 
characters in all these localities, where it is highly fossiliferous, and 
marked by the presence of occasional Planorbis, and Paludina orbicu- 
laris, together with (as usual) numerous G‘yrogonites and casts of 
Limnea longiscata. At the point between Gurnet and Thorney Bays it 
stretches out at sea towards Hempstead Ledge, in a direction 30°S. of 
W., with a dip 35°§8, of EK. On either side of Gurnet Bay it forms 
a conspicuous curve, and determines the form of the slope on which 
Cowes is built, although on the surface it is not seen, being concealed 
by the superincumbent marls and, eventually, by the gravel. On 
the quay, at West Cowes, it serves for the foundations of some houses 
built on the northern part of the Parade, opposite to which it forms 
a ledge dipping 10° 8. of E. and skirting the shore as far as 
Egypt. ” 

* “Memoir on the Geology of the Isle of Wight,” by H, W. Bristow. 
Mem. Geol. Survey Gt. Britain, 1862, 8yo, p. 77. 
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There can be little doubt that the beds exposed in the cliff-sections 
at Gurnet and Thorness Bays belong to the Bembridge series, and 
that the hard band, from which the insect-remains and Crustacea 
have been obtained, belongs to the lowest part of that series. 

The beds dip to the 8.W., so that in about half a mile the lower 
bed of limestone is just on the line of high water; and about 200 
yards further west it forms a reef known as “Stuckler’s Ledge,” 
which is the eastern point of Thorness Bay. 

Within Thorness Bay the beds dip more rapidly to the south, till at 
400 yards distance from the ledge the shale with fossils dips down 
to the beach and forms a small reef. 

As no fossils, save those already recorded, had been noticed by 
Messrs. Forbes and Bristow, great was my delight to find in Mr. 
A’Court-Smith’s collection, the result of 20 years’ patient collecting 
in his leisure hours, abundant remains of insects evidencing the 
presence of more than twenty genera, representing Coleoptera, 
Hymenoptera, Lepidoptera, Diptera, Neuroptera, Orthoptera, and 
Hemiptera, and one representative of the Arachnida. 

Mr. A’Court-Smith accounts for the abundance of remains of 
insects in particular blocks by the theory that they were (after 
being drowned) left by eddies in pockets, much in the same way as 
we find organic remains in streams, lakes, and along the coast at 
the present day. 

For the determination of the insect-remains, so far, | am indebted 
to my experienced friend and colleague, the late Frederick Smith, 
Esq., Assistant-Keeper of the Zoological Department, British 
Museum. Possibly some more adventurous paleo-entomologist may 
make a more rigorous study of them, and give to some at least of the 
more perfect remains generic and specific determinations. 


Lust of Insect-remains from Gurnet Bay, near Cowes, Isle of Wight, 
determined by the late Frederick Smith, Esq., Assistant-Keeper, 
Zoological Department, British Museum. 


Number of Number of 
specimens. specimens. 
1. CoLEorTERa. VY. Nevuroprera. 
1. Staphylinus............... 1 UD ePhrypanvalad.ccasnseee 8 
2. Doreus (Lucanidz)...... 1 US.9 Dermes 2 geeesnesteeeaceee i 
Sp) LANG) TIBIA so5G0os09nc0nee2 1 14. Hemerobius............... 1 
26 (CYSTIC) poccaudesteoscedde 7 WoL SPerla, ccccn-cee cee eee 2 
TT Eee AN Ghevel la Olay seaaeRsrdsonganacac. 2 
ip EUMENOP ERE 17. Wings of Libellula...... 9 
yy \W SHOVES (O18 Ghogadnsoonoseace 2 
GiBloraitca serene eer ene eae 19 VI. Orrnoprera. 
(em MiyrnaniCacesretstesetenecras 7 18 3eGuyllotalipanensmssss-eeeer 1 
8. Camponotus ............ 7 AS PACT CI CEE een ene eeeeteeeee 2 
III. Lermporrmra, VII. HenrrTera. 
SE WIESE! Pe soveneccocdoboce 2 DOP Wing Of2..coattecr-aeeeses 1 
TAY, TDR. 21. Triecphora sanguinolenta 1 
LOT Wantsslotes dm, omen: 43 ARACHNIDA. 


11. Tipulide ....., AP OCORER BOE. 6 iS Siderheveeesesese S00)00000000 1 
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Mr. A’Court-Smith has likewise been fortunate in discovering nu- 
merous fragmentary remains of plants, such as leaves of palm 
(Flabellaria), seeds of water-lily (Welumbium), leaves of rushes and 
other aquatic plants. With these plant-remains and insects were 
also found two forms of Crustacea belonging to the Edriophthalmia 
and the section Isopoda, also abundant remains of a minute Phyl- 
lopod Crustacean allied to Branchipus or Artemia. 

Bivalved Entomostraca, as already stated, had been noticed and 
described by Prof. T. Rupert Jones from these beds to the number 
of some 14 species and six genera (Candona, Cythere, Cythereis, 
Cytherella, Cytheridea, Cytheriders) ; but these, it must be borne in 
mind, are represented by their calcareous bivalved carapaces, not by 
the remains of appendages, no limbs (save in a single instanco*) 
having been met with. 

Even the Isopoda haye a tolerably firm though thin crust; and 
the paper-like valves of Hstheria have sufficient chitine in them to 
give them consistence, and enable them, like the elytra of insects, 
to be preserved in a fossil state. But that a Crustacean like Bran- 
chipus, destitute of shelly covering, having along slender diaphan- 
ous many-segmented body and 13 pairs of laminar branchial feet, 
should undergo the process of fossilization, and leave any trace behind, 
is truly remarkable. 

The preservation of these delicate little Phyllopods is, no doubt, due 
to the admirable nature of the fine argillaceo-calcareous mud-rock in 
which they have been entombed in such numbers, the iron having 
collected around them and stained the outline of the delicate gill-feet 
and appendages upon the stone, as if painted by some photographic 
process. 

In the first Heft of his ‘Fauna Sareepontana Fossilis,’ 1873 (Die 
Fossilen Thiere aus der Steinkohlenformation von Saarbriicken), Dr. 
Friedrich Goldenberg has described and figured, on Taf. 1. fig. 15 (16), 
six somewhat doubtful-looking segments which he attributes to 
Branchipus, and names Branchipusites anthracinus. Without a 
careful examination it would be imprudent to pronounce a judgment 
upon this specimen ; I annex a translation of Dr. F. Goldenberg’s 
remarks upon it. 

“Of this animal,” he says, *‘ cight segments are to be seen in the side 
view ; but of these, the first and last are very imperfect. The middle 
segments are also very imperfectly preserved, so that one can only find 
indications of their segmentation. The lateral appendages (side- 
pieces), of which six are present pretty perfect, in their natural con- 
nexion, have much resemblance to the lamellar branchial feet of a 
Branchipus. Their anterior margin is somewhat incurved ; the hinder 
margin, which is parallel to the anterior, bends at about two thirds 
of its course at an obtuse angle towards the apex of the anterior 
margin. In the middle of this oblique inferior margin oval thicken- 
ings make their appearance, which I regard as remains of vesicular 
branchiee, which were seated here at the base of the lobe, unjointed 
swimming- (or fin-) feet. The substance of these swimming-feet 


* Paleocypris Edwardsii, from the Coal-measures, Saint-Etienne, France, 
discovered by M. Ch. Brongniart (see Ann. des Sci. Géolog. 1876, art. no, 8, pl.7). 
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seems to have been very thinly membranous and of a blackish- 
brown colour.” 

I know of no other recorded example in a fossil state. 

It is interesting to mention that both the males with large clasping 
antennee, and the females with small antenne and egg-pouches with 
large and very distinct disk-like bodies (the compressed eggs), can 
be made out upon the slabs. 

I propose to name this interesting fossil Phyllopod Branchipo- 
dites vectensis (Pl. XIV. figs. 6-9). 

Dimensions :—Length of fossil 6 millims., breadth 2 millims. 


The two forms of Isopods discovered by Mr. A’Court-Smith differ 
considerably both in form and relative size; and as they are, more- 
over, derived from different horizons in the Bembridge beds, I feel 
justified in treating them as distinct species. 

The smaller species (Pl. XIV. fig. 1) was found in one of the 
hard blocks met with upon the beach which have yielded the 
fossil Branchipus and the insect-remains ; whilst the larger species 
(Pl. XIV. fig. 2) was obtained from a yellow marly bed charged 
with the roots of aquatic plants, which occurs somewhat higher 
up in the series. 

The former of these (fig. 1) occupies the surface of a small, 
grey, and very compact slab, in which about twenty-five Sucuee 
may be counted in the space of a few inches. 

The largest individuals measure 84 millims. in length by 44 or 
5 millima. in breadth, the smallest being 7 millims. long by 
33 millims. broad. 

The head is small, measuring only half the breadth of the 
thorax (pereion) ; the eyes are reniform, marginal, and prominent. 

The thorax (pereion) is composed of seven somites; the first of 
these is greatly produced laterally and deeply emarginated ante- 
riorly, for the insertion of the head, as is the case in several living 
species of Sphxromide and Oniscide. ‘The six succeeding somites 
are well developed, their tergal portion Beatly straight and the 
epimera somewhat strongly recurved. 

The abdomen (pleon) is composed of a dale, caudal shield, nearly 
circular in outline, and forming one third of ine leneth of the entire 
animal. Two lamellar caudal appendages or uropoda, which are 
articulated to the anterior margin of the caudal shield, are seen, one on 
either side. These, with a trace of antennee, are the only appendages 
observed in the fossil. 

_ There can be little doubt of the propriety of referring this 
species to a position near to, if not actually in, the family of the 
Spheromide ; and it is satisfactory to find that a closely allied fossil 
form, also from the Eocene, has already been so referred by Prof. 
H. Milne-Kdwards. 

I propose to place all these Tertiary forms of Isopoda Normalia 
in a distinct genus, under the name of Hospheroma, to which I 
shall refer again subsequently. I designate this small species 
Hospheroma fluviatile 

The second and larger species (Pl. XIV. fig. 2) occurs on the sur- 
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face of a fine yellow marl or pipe-clay, full of the rootlets of aquatic 
plants, and is represented by a group of ten individuals. 

The specimen measures 163 millims. in length and 102 millims. 
in breadth. In outline this species is much more oval than fig. 1. 
The head is less deep, but broader, and the eyes less conspicuous and 
placed more in front. The head is 4 millims. broad and 2 millims. 
deep. 

The segments of the thorax (pereion), seven in number, are con- 
siderably arched, the three median segments being not only broader 
but deeper than the rest. As in fig. 1, the anterior thoracic somite 
is developed laterally, so as to enclose the sides of the head. The 
length of the thorax is 8 millims., breadth 10 millims. 

The caudal shield (pleon) is large and nearly semicircular, being 
6 millims. long by 8 millims. broad. 

Two lamelliform appendages (uropoda), articulated to and arising 
from the sides of the abdomen, closely encircle the caudal shield. 
A small ramus is given off from the second (third?) articulation of 
the uropodite, as in recent Spheromide. ‘Traces of antenne can 
also be detected on the slab, but no other appendages are preserved. 

I have designated this form Hospheroma Smithii, after its dis- 
coverer, Mr. E. J. A’Court-Smith. 

Tt must not be supposed that these remains occur Dacgue ten the 
bed described. The bed itself is at most 12 inches thick, ‘bub more 
often only 2 inches. Thousands of blocks of this fine hard-grained 
limestone have been broken up, in the course of the last twenty years, 
by Mr. A’Court-Smith to obtain specimens. 

I subjoin a short description of the French Kocene form described 
by Prof. H. Milne-Edwards*, which I propose to refer to the same 
genus with those from the Isle of Wight (see Pl. XIV. fig. 3):— 

** This Isopod was found in the neighbourhood of Paris, in digging 
the fortifications at the hill of Chaumont ; it was met with in a bed 
of marl, immediately below the green marl containing Cytheret. It 
is so abundant that sometimes in the space of a square foot one can 
count the impressions of more than a hundred individuals. 

“The form of these little Crustaceans is pretty regularly oval ; 
the largest individuals measure only about 12 centims. [sic|¢ long 
by 7 or 8 broad. 

“The body appears to have been depressed, as in Ancinus, for the 
impressions left do not exceed half a centimetre [sie] [read “ milli- 
metre”’| in thickness, and present no appearance of deformation. 

* The head is of medium size, and gives insertion to the antennz 
by a slight frontal flattening; the eyes are small and placed 
laterally. 

“The thorax (pereion) is composed of seven rings, and presents 


* Seo ‘ Annales des Sciences Naturelles,’ 2° série, 1843, tome xx. Zoologie, 
p. 329. 

t [Lower Tertiary. | 

{ [For “centimetres” read ‘“ millimetres.” This is evidently an uncorrected 
printer’s error, as the specimens, with Prof Milne-Edwards’s label, are now 
before me, and do not exceed about 12 millims. ] 
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on each side a border formed by the epimeral pieces, which overlap 
one another and are of a quadrilateral form. 

“The abdomen is composed of two segments, the first of which 
resembles the thoracic rings and presents traces of a transverse 
suture ; the second is scutiform and semioval. Lastly, on each side 
of this terminal plate, one detects lamellar subfalciform natatory 
appendages, placed as in Spheeroma. 

“ From these peculiarities of structure, I am induced to believe 
that this fossil ought to be placed in the family of Spheromide ; but 
it does not sufficiently closely resemble any of the existing species 
in this group, and in the Museum I have classed it between Spheroma 
and Ancinus, and I have named it Paleoniscus Brongniartiz.” 

If to this we add Paleoniscus obtusus, Meyer*, from the Miocene 
of Bonn, which is, no doubt, closely related to the foregoing species, 
we have all the Tertiary forms hitherto described. 

The name Palconiscus, unfortunately, cannot stand, haying been 
preoccupied by Blainville for a genus of Fishes since 1818 (Paleo- 
miscum), and by Agassiz since 1833 (Paleoniscus). I would have 
suggested the substitution of Archwoniscus, Milne-Hdw., the name 
given to a fossil Isopod from the Purbeck of the Vale of Wardour ; 
but a reference to the figure (Pl. XIV. fig. 4), and to the subjoined 
description, will show at once that the relations of the four forms 
above enumerated are with the Spheromide, whereas the presence 
of several free and movable abdominal somites in Archconiscus con- 
nects it with the /Zgide and other errant Cymothoide. 

I would venture therefore to propose for these Tertiary forms 
the generic appellation of Hosphwroma. 

The known list of Isopod fossils will be then as follows :— 


Armadillo molassicus, Heer, ‘Primeval World of Switzerland, vol. ii. p. 5, 
fig. 210. Miocene, Giningen. 

Kosphzroma (Palzoniscus) obtusum, Meyer. Miocene, Bonn. 

—— (——) Brongniartii, Milne-Edwards. Lower Eocene, near Paris. 

—— fluviatile, A. Woodw. Upper Hocene, Gurnet Bay, Isle of Wight. 

—— Smithii, H. Woodw. 55 

Palega Gastaldi, Sismonda. Miocene, Turin. 

—— Carteri, H. Woodw. Grey Chalk, Dover. . 

—— sp. (Ferd. Roemer). White Chalk, with flints, Aalborg, Jutland, 
Denmark. 

Bopyrus (under carapace of Palgocorystes). Greensand, Cambridge. 

Archexoniscus Brodiei, Milne-Edwards. ower Purbeck, Vale of Wardour, 
Wiltshire. 

—— Hdwardsiit, Westwood. Lower Purbeck, Durdlestone Bay, Dorset. 

Engerchuris gigas, H. Woodw. Old Red Sandstone, Rowlestone, Hereford- 
shire. 


” ” 


Among the Spheromidz common to our coast at the present day, 
and also to that of France and Ireland, is Spheroma serratum, Fabr., 
sp. (see Pl. XIV. fig. 5). 

: 4 Palzontographica, Dunker und Meyer, 1858, Band y, pp. 111-113, t. 23. 
-0, 1,0. 
t See Quart, Journ. Geol. Soe. 1854, vol. x. p. 393. I regret to say I had 


overlooked the fact that Prof. J. O. Westwood had given a specific name to the 
specimen of Archgoniscus figured by him on pl. 14. fig, 12. 
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This form resembles our fossil in the small size of the cephalon 
and the broadly-expanded recurved character of the margin of the 
anterior segment, in the form of the eyes, the antenne, and the poste- 
rior pair of limbs; but the abdominal shield is larger in the fossil. 

Dr. Kinahan obtained Sph. serratum in the River Logan, Belfast, 
and inthe River Dodder, Dublin *; so that the fossil species occur- 
ring in this fluvio-marine bed is quite in accord with the habits 
of its modern congener. 

I subjoin a brief notice of Archwoniscus Brodiet by Prof. Milne- 
Edwards, who writes? :— 

‘The specimens which I have received from Mr. Brodie (disco- 
vered in the Wealden [sic] [Purbeck] formation, in the Vale of 
Wardour, Wiltshire) are 12 centimetres ¢ in length and 9 in breadth; 
but this geologist has found some whose dimensions are much 
greater.” [I subjoin the measurements of several specimens pre- 
sented by the Rev. P. B. Brodie to the British Museuam— 


Length. Breadth. 
2 rmalllamig a paths 4). 4 sek 8 millims. 
IPAS? (Ria ana Ei gs EATS AE Ns 9 3 
Wg) i MISC i ala Astana urea nie ie Be 
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‘The body is very smooth, and composed of a series of rings ter- 
minated posteriorly by a rounded shield. Unfortunately the head 
is not well preserved in those specimens which I have examined. I 
have not been able to discover any traces of the legs ; but Mr. Brodie 
has detected them in some of his specimens. I have been able to 
make out traces of the antenne. The fossil is evidently an Isopod, 
and from its general form should be arranged in the family of 
Cymothoide, but it cannot be referred to any known genus. It 
appears to be intermediate between Sevolis and the errant Cymo- 
thoide. It resembles the former in the greater development of 
its body-segments, especially of the epimeral portion of the segments 
as compared with the tergal portion, and also in the expansion of the 
epimera and the position of the terminal shield of the body. 

“Tt ditfers from Serolis by the greater development and mobility 
of the anterior rings of the abdomen—characters which ally it to 
Afga and other errant Cymothoide. ‘The several rings between the 
head andthe caudal shield scarcely differ from one another, so that 
there is no visible limit between the thorax and the abdomen ; but 
one can count as many as twelve; and as the number of thoracic 
rings never exceeds seven in the Edriophthalmia, we must conclude 
that the remaining five most posterior ones belong to the abdomen, 
which would consequently be composed of six movable segments, as 


* Bate and Westwood, Hist. Brit. Sess.-eyed Crustacea, 1868, vol. ii 
pp- 405-407. 

t ‘Annales des Sciences Naturelles,’ 2¢ série, 1843, tome xx. Zoologie, p. 327. 

¢ [For “centimetres” read “millimetres.” This error occurs throughout 
Milne-Edwards’s paper. I have the specimens of both Archzoniscus Brodiei 
and Palgoniscus Brongniartii before me; it is evidently a clerical error. ] 
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in Afga, Nelocira, &c. The sixth abdominal ring, which constitutes 
the terminal shield, is nearly semicircular, and presents on its median 
and anterior portion a tubercular swelling nearly analogous to that 
observed in the caudal shield of several Spheromide. Lastly, the 
structure of the head appears to be intermediate between that of 
these last-named Crustacea and that of which Serolis offers us an 
example; for the cephalic ring is enlarged, as in the Spharomida, 
while the eyes approach the median line, as in Serolis. 

‘“‘ From these facts one sees that this fossil Crustacean is perfectly 
distinct from all living Isopods, and ought therefore to be placed in 
a separate genus. I would propose to designate it Archwoniscus 
Brodie.” 

I have given an outline figure of this old Isopod in my plate 
(Pl. XIV. fig. 4). 


EXPLANATION OF PLATE XIV. 

Fig. 1. Hospheroma fluviatile, H. Woodw., 3 times nat. size. Upper Hocene, 
Bembridge series, Gurnet Bay, I. of Wight. , uropoda. 

Fig. 2. Hospheroma Smithii, H. Woodw., twice nat. size. Ditto. w, uropoda. 

Fig. 3. Hospheroma (Paleoniscus) Brongniartti, H. Milne-Edw. sp., “ Couche 
de Marne a Cytherées, sous les Marnes vertes.” U. Eocene, Butte de 
Chaumont, prés Paris. 3 times nat. size. w, uropoda. 

Fig. 4. Archeoniscus Brodiet, Milne-Edw. Lower Purbeck beds, Vale of War- 
dour, Wilts. 3 times nat. size. (The mesial line dividing the pos- 
terior somites in this figure appears to be due to the decortication 
of these segments, which has laid bare the cast of the straight ali- 
mentary canal.) 

Fig. 5. Spheroma serratum, Fabr.,sp. Recent British Marine and Estuarine. 

Fig. 6. Part of a slab of Bembridge stone, drawn of the natural size, covered 
with impressions of Branchipodites vectensis, H. Woodw. 

Figs. 7, 8, & 9. Portions of individual specimens, drawn with the camera and 
1-inch ebjective, showing—Or, br, branchial feet ; e, e, the eyes; 9, 9, 
the ovaries, with contained ova; c, c, the caudal somites, 

Fig. 10. Branchipus (Chirocephalus) diaphanus, Prevost. Recent freshwater, 
British. 

(Figs. 1-4 and Fig. 6 drawn from specimens in the Geological Collection 
of the British Museum.) 


Discussion. 


Prof. Woop-Masown stated that he was acquainted with three or 
four genera of Isopoda, members of which can live indifferently in 
salt and fresh water, one of them being the parasitic Bopyrus—tacts 
that seemed to indicate the process by which, in the course of ages, 
our fresh waters and, eventually, the land had gradually become 
stocked with mollusks and crustaceans, littoral and estuarine re- 
presentatives of these two classes of animals, which were ametabo- 
lous, having sufficient plasticity of their organism to enable them to 
withstand a gradual change from salt- to freshwater conditions. 

Mr. J. 8. Garpyer said that the beds belonged to the Bembridge 
formation, and that he had diligently examined the corresponding 
beds in the eastern corner of Whitecliff Bay, but had found them 
quite barren. No insects had been found in Alum Bay, and com- 
paratively few at Studland and Bournemouth. The Eocene insects 
found in England everywhere indicate a temperate climate. 


Quart. Journ. Geol. Soc. Vol. XXXV. Pl. XIV. 
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29. On Conovonts from the Cuazy and Cincinnati Group of the 
CampBro-Siiurian, and from the Hamitron and GunesEE-SHALE 
Divisions of the Duvontan, in Canana and the Unirep Sratus. 
By Gores Jenyines Hinpe, Esq., F.G.S. (Read March 12, 


1879.) 
{Pirates XV.-XVII.] 


Soon after the publication by Dr. Pander, in 1856, of his well- 
known monograph, in which he announced the discovery, in the 
lowest fossiliferous rocks of Russia, of small “teeth” named Cono- 
donts, and referred by him to fishes, several discussions arose as to 
the character of these minute bodies, and various opinions were 
expressed as to their near relations, without, however, any satis- 
factory conclusion being arrived at. Since that date Conodonts 
have been found in several other places ; and in this communication 
I propose to describe a great variety of forms which I have collected 
within the last two years from several different formations in North 
America. Though my specimens may not suffice to determine the 
true position of the organisms to which they were attached, they 
will at least add something to our previous knowledge, and thus 
assist in reaching a decision on the subject. 

The next account, after Dr. Pander’s, of the discovery of Conodonts 
is by Dr. J. Harley, in an article on the Ludlow bone-bed and its 
crustacean remains*. Only two of the specimens described by this 
gentleman have any resemblance to the Conodonts of Pander; but a 
comparison of these with other very differently formed bodies in 
the same beds led him to express the opinion that all the forms 
were of crustacean origin, and that Conodonts were probably only 
Spines similar to those attached to the margins of the carapace 
of Limulus and the caudal segment of Squilla. He therefore included 
all together under the provisional genus Astacoderma. 

In 1869 Mr. Charles Moore, F.G.S., discovered undoubted Cono- 
donts in the Carboniferous Limestone of this country+; and in a 
late communication from that gentleman he informs me that he 
has them from the Silurian probably up to the Permian. 

Within this last year these small bodies have been found in great 
variety and most beautiful preservation in Lower Carboniferous 
strata in Scotland by Mr. C. J. Smith, of the Eglinton Iron-works, 
Kilwinning, and some notes on them have been laid before the 
Natural-History Society of Glasgow by Mr. John Young, F.G.S._ I 
am indebted to Mr. Young for the opportunity of looking over his 
specimens, and at once recognized that many of them were identical 
with those from the Devonian and Carboniferous formations of 
North America, as also with those from the same formations in 
Russia, figured by Pander. 

* Quart. Journ. Geol. Soe. vol. xvii. p. 542 (1861). 
+ Report of British Association, 1869, p. 375. 
Grea. s. No, 139. 2¢ 
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Conodonts were first noticed on the American continent by Dr. 
Newberry, who, in the second volume of the ‘ Palaeontology of Ohio’ 
(1875), figured several forms and discussed their probable relations, 
which he believed to be rather with fishes similar to Myxinoids 
than with invertebrates. All Dr. Newberry’s specimens were from 
the Lower Carboniferous at Bedford in the State of Ohio. 

The oldest strata in which I have met with Conodonts are thin 
layers of a dark limestone belonging to the Chazy formation of the 
Cambro-Silurian, which, if not the equivalents, are not far separate 
in relative age from the green sands and black shales of Russia, the 
lowest beds in which theso bodies haye been found there. ‘These 
Chazy beds are exposed on the banks of the Ottawa River at Gren- 
ville, in the province of Quebec, and are largely composed of the 
small tests of bivalve Crustaceans belonging to the genus Leperditia, 
associated with a few small Trilobites and Gasteropods. ‘There are 
no indications of any of the larger Crustacea or Mollusca to 
which these Conodonts could be referred; and they are altogether 
too large, even if they could be referred to either of these classes of 
animals, to have belonged to those whose tests are here preserved. 
Though the Conodonts are not unfrequent in these limestones, it is 
somewhat remarkable that they are all of one species, and this is 
one of the largest of the known compound forms. 

In the strata of the Cincinnati group exposed near Teronto, in 
which a few Conodonts appear, the rocks are principally micaceous 
flags and shales, and contain a great variety of fossils, Graptolites, 
Corals, Annelids, Brachiopods, Gasteropods, and Cephalopods of the 
genus Orthoceras, all well-known forms. No crustacean remains 
beyond scattered fragments of small Trilobites of the genus Caly- 
mene have been noticed. Whilst most of these fossils are in thin 
lenticular beds of limestone intervening between the flags and shales, 
the Conodonts are generally imbedded in the latter. In addition 
to a few compound teeth, there are also the simple spine-like forms 
of Conodonts; and it is worthy of notice that these simple forms are 
much more restricted in their distribution than the compound ; for 
whilst the latter appear from the Cambro-Silurian to the Lower 
Carboniferous, the simple teeth are only met with, both in America 
and in Russia, in the Cambro-Silurian. 

I have not as yet found any Conodonts in the Trenton and Utica 
sale rocks, which come betweeen the Chazy and the Cincinnati 
group, nor in any strata of the Silurian proper and the lower division 
of the Devonian; but mm the middle Devonian they reappear in 
great abundance. In strata of this age belonging to the upper 
beds of the Hamilton group of limestone and shales, exposed near 
the village of North Evans, on the south shore of Lake Hrie, New 
York State, they are very numerous; and one particular band of 
limestone, which I propose to designate the Conodont-bed, is filled 
with fragments of these small teeth. This limestone band varies 
from half an inch to three inches in thickness, and may be traced for 
some distance. On fracture it presents a dark subcrystalline aspect, 
with occasional particles of a green colour, and also crystals of iron- 
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pyrites. In addition to the Conodonts, there are in this same bed 
numerous fragments of Crinoid stems, bones and plates of undeter- 
mined fishes, and teeth closely resembling, if not identical with, those 
of Ptyctodus*, Pander, also from Devonian strata in Russia; but 
there are no remains of Crustaceans or Gasteropods. It is only on 
the weathered surface of the rock that Conodont teeth are visible, 
and then only with the assistance of a good lens. 

There are also a few Conodonts associated with plates and teeth 
of fishes in a thin band of limestone of the Hamilton group at 
Arkona, Lambton County, Ontario. 

Immediately succeeding the Hamilton group are beds of black 
bituminous shale, known as the Genesee Shale in New York and 
Canada, and as the Huron Shale in Ohio; and the Conodonts are 
distributed in these shales, in places widely apart. I have found 
them in exposures of these strata at Kettle Point, on the shores of 
Lake Huron, and at Bear Creek, both in Lambton County, Ontario, 
as well as in small boulders derived from these beds in the cliff- 
sections on the north shore of Lake Erie: at North Evans, New 
York, where there is a splendid section of these shales, Conodonts 
are also abundant; and IJ have also fragments from the same shales 
near Louisville, in Kentucky. At all these localities these shales are 
but sparsely fossiliferous, and the fossils are limited to spores of 
Lycopods and portions of other plants, a few Brachiopods of the 
genera Lingula and Discina, Avicule, and the scales, mostly de- 
tached, of Palewoniscus. There are no organic fragments to give 
any clue to the animal to which these numerous Conodont teeth 
belonged. 

Though my paper does not include the Lower Carboniferous Cono- 
donts of Ohio, treated by Dr. Newberry, | may mention, from my 
own examination of the beds in which they occur, that the strata 
are black shales not dissimilar in appearance to the Genesee shales, 
but less bituminous; and, like these latter also, have scarcely any 
other organisms in addition to the Conodonts but plants and scales 
of Ganoid fishes. 

My object in mentioning somewhat in detail the fossils occurring 
with the Conodonts in the different formations has been to point 
out that they cannot be attributed to these associated organisms, 
and to show the probability, so far as negative evidence extends, 
that these minute teeth and plates are the only portions of the 
animals capable of preservation in a fossil condition. 

The appearance of the American Conodonts is so similar to those 
from Russia that Pander’s description will almost equally apply to 
both. They occur as very minute, shining bodies, sometimes con- 
sisting of a single more or less curved conical tooth with an ex- 
panded base; but more frequently they possess an elongated basal 
portion in which there is generally a large tooth with rows of similar 
but smaller denticles on one or both sides of the larger tooth, accord- 
ing as this is central or at one end of the base. In some forms the 


* ‘Ueber die Ctenodipterinen des deyonischen Systems,’ St. Petersburg, 1858, 
p. 49, table 8. 
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large tooth is continued below the level of the base, forming one or 
more small blunted extensions; and in one of the Devonian forms 
this extension is greatly prolonged and also supported denticles. In 
other examples there is no prominent central tooth ; but a series of 
more or less similar teeth are carried on a straight or curved base. 
There are also forms with a wide basal plate denticulated on the 
upper edge, to which, in two instances, there is an appendage 
attached at right angles, and apparently of different structure from 
the toothed basal portion. Besides these more typical examples there 
are other structures, not hitherto noticed, which, from their intimate 
connexion with the teeth, evidently belonged to the same organisms. 
These are minute plates of various forms, with a longitudinal ridge 
which, in certain cases, is extended beyond the plate and has its 
upper border denticulated. ‘The plate itself is ornamented on one 
surface with small tubercles, whilst the other 1s smooth. 

All these forms, though imbedded in strata of very different 
mechanical and chemical character, as flagstones, shales, and lime- 
stones, appear to have experienced but little alteration ; they still 
retain their bright shining lustre, and the smooth and undisturbed 
outline of their bases plainly indicates that they have not been 
broken from the edges of the carapace of any crustacean. 

The very perfect condition of the extremely minute teeth in many 
of the specimens also shows that they could not have been exposed 
to any injuries from transportation. They are all very brittle and 
are slowly dissolved by nitric acid. Most of the specimens are of a 
reddish horn-colour and translucent; very rarely do they occur of a 
milky white, though this white tint is the usual condition of the 
Ohio Carboniferous specimens, and appears to have been common 
in the Russian examples. Pander regarded the white specimens as 
belonging to older individuals ; but there can be little doubt, from 
the occurrence of examples of both kinds of the same dimensions, 
that the white tint is due to some change in the chemical composi- 
tion. I find the white specimens more frequently in rocks near the 
surface, which have been more exposed to atmospheric influences. 
In many specimens, particularly those occurring in the black shales, 
while the flat base of the compound tooth is of a reddish horn-colour 
and transparent, the large tooth is nearly of an ivory-white, a 
difference which, on microscopic examination, is seen to be due to a 
different structure of the tooth and base. The Conodonts from the 
Conodont-bed at North Eyans are, as a rule, more robust and 
opaque and of a different lustre from those in the bituminous shales; 
whilst those from the Chazy limestone differ from all the rest in 
possessing a bright, glossy black tint. 

As regards the structure of the American Conodonts, an examina- 
tion of microscopic sections corroborates the result obtained by 
Pander from the Russian examples. 1 can detect the same delicate 
conical lamellar structure both in the specimens from the Chazy 
and in some of those from the Devonian; in other Devonian speci- 
mens, however, the basal portion appears to be homogeneous and 
without structure, whilst the teeth imbedded in this base have 
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either a clouded fibrous appearance, or seem to be composed of minute 
nuclei, as represented by Pander (Monogr. tab. 24. figs. 11, 12). 

Hitherto the Conodonts have only been found as detached speci- 
mens, scattered irregularly throughout the rock; but I have one 
example, from the Genesee bituminous shale, in which a group of 
various forms of teeth and plates have been compressed together in 
such a manner as to show that they must have belonged to the same 
animal. Unfortunately the teeth in this specimen are so crushed 
that nothing can be ascertained as to their natural arrangement ; 
at the same time their numbers and variety of form show no resem- 
blance to those of any existing animal, so that very little fresh 
knowledge can be gained from this specimen beyond the fact that, 
whatever may have been the zoological relations of the animal, it 
possessed a complicated and varied apparatus of teeth and plates. 

I submitted my specimens to Professor Huxley, who expressed 
the opinion that some of them so closely resemble the teeth of the 
Hag-fish (Myaine) that it would be difficult to prove that they 
did not belong to fishes of this order; at the same time no living 
fish exhibited an assemblage of teeth and plates at all similar 
to those shown in the fossil example (Plate XVI. figs. 6-18). 

From a microscopical examination of original specimens of Cono- 
donts from Russia, Professor Owen states, in the first edition of his 
‘ Paleontology,’ 1870, that only those referred by Pander to the 
genera Ctenognathus, Cordylodus, and Gnathodus had any probable 
claims to vertebrate rank, but they might also be only remains of 
the dentated claws of Crustacea. In the second edition of the same 
work, however, Professor Owen concludes that they have most 
analogy with the spines, or hooklets, or denticles of naked Mollusks 
or Annelids. 

Whilst the discovery of these American Conodonts, of which some 
are identical with, and all generally resemble, those from corre- 
sponding rock-formations in Russia, proves the very wide distribu- 
tion of these bodies, the conditions under which they appear and the 
fossils associated with them in America assist but little in solving 
the question as to their relations. In the Cambro-Silurian rocks 
the fossils of marine invertebrates are very varied and abundant; 
but there are no large Gasteropods whose lingual teeth could be 
supposed to be similar to Conodonts, nor the carapaces or segments 
of any Crustaceans to which they could have been attached as de- 
fensive spines. In the Devonian strata, where the Conodonts are 
much more numerous and diversified in form than in the lower 
rocks, the only invertebrate fossils accompanying them are Crinoids 
and Brachiopods; but there are here plenty of fragments of undis- 
puted fish-teeth and bones. There is thus the same ground as in 
Russia for the supposition that the Conodonts were the only parts 
of the organism to which they were attached capable of fossilization, 
and that the body of the animal might have been composed of 
nothing more durable than the cartilaginous structures of the lower 
orders of fishes, or the soft tissues of Annelids and naked Mollusks. 
That, however, the Conodonts cannot be referred to the horny jaws 
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of Annelids may be conclusively shown by the discovery, by the 
writer, of these Annelidan structures in the same strata with Cono- 
donts, from which the former can readily be distinguished by their 
chemical composition and their resemblance to the jaws of existing 
Annelids. Against the probability of the Conodonts having been 
the teeth of naked Mollusks, it may be noted that the former are 
principally composed of carbonate of lime, and that it is highly im- 
probable that naked Mollusks should have abounded without any of 
their shell-bearing relatives having been also present (and of these 
in the Conodont-bearing beds of the Devonian there are no traces) ; 
nor can it be supposed that their shells can have been removed by 
solution when the most delicate structures of carbonate of lime 
have remained intact. 

It has been shown that whilst Conodont teeth do not correspond in 
minute structure with, and are far more varied in form than, the teeth 
of any known fish, they yet approach closest to those of the Myxinoids. 
As it is not at all improbable that there was in Paleozoic times 
as great a development of the Cyclostome Fishes as of the Ganoids 
and Elasmobranchs, with a consequent great amount of variation 
in their structural development, we could hardly judge, from their 
pauperized descendants of the present day, how far this variation 
may have extended in former times. We should not, therefore, on 
account of the imperfect analogy of the Conodonts with the teeth of 
existing Myxinoids, reject altogether the probability that they may 
have belonged to a similar low type of Fishes. At present, how- 
ever, the facts at hand appear insufficient to decide the question. 

Owing to the uncertainty respecting the animals to which the 
Conodonts belonged, any arrangement of the teeth themselves must 
almost entirely rest on an artificial basis, and consequently possess 
little zoological value; detailed descriptions and figures, however, 
such as those given by Dr. Pander, are of great importance and 
service for paleontological reference ; and for this purpose I have 
attempted to give a similar detailed account of the American forms, 
commencing with those from the earliest formation in which I have 
met with them. 


1. Conodonts from the Chazy Formation. 
Genus Prronropus, Pander, 1856. 
PRIONIODUS RADICANS, Hinde. (PI. XY. figs. 1-6.) 


The central tooth relatively very long and robust, and gradually 
tapering to a point, either straight or with a more or less dextral 
or sinistral curvature. ‘The lower portion is produced below the 
position of the lateral denticulate extensions, to form a single blun- 
ted termination or two or three small fang-like projections. The 
front portion is strongly convex in section, but nearly flat at the 
back, and a deep longitudinal groove extends at the back of the 
tooth from near the tip to the base. The lateral extensions, spring- 
ing more or less obliquely from both sides of the main tooth, are 
narrow, straight, or slightly curved, strongly convex in front and 
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with a groove like that of the main tooth at the back. They are 
frequently unequal in length and in the number of denticulations in 
the same specimen. ‘These vary from 4 to 11, and are either short 
and blunt, or long, pointed, and slightly curved, in some cases of 
equal length on the same base, but frequently the central denticula- 
tions are the longest. 

The teeth are smooth, black, and, where not much weathered, 
of a brilliant polish. The length of the central tooth varies from 
3 line to 12 line, the greater number are about 1} ]ine. The lateral 
extensions vary between one third and two thirds the length of 
the main tooth. Though there is a great difference in form and 
size in these teeth, the extremes are connected by so many interme- 
diate forms as plainly to indicate that all belong to a single species, 
and no other form but this appears to be present in these rocks. 

This species is closely allied to P. Volborthii, Pander (Monogr. 
p- 30, tab. i. fig. 1), from which it may readily be distinguished by 
the basal termination and the deep longitudinal groove of the main 
tooth, and the proportionately less development of the lateral exten- 
sions. J am unable to make any comparison of the relative dimen- 
sions of this and Pander’s species, as unfortunately no reference is 
made by him either to the actual size of the specimen or to the 
scale to which the figure is drawn. 

The species is abundant and well preserved, and occurs in beds of 
dark limestone, principally composed of the tests of Leperditia. 

Loc. Grenville on the Ottawa River, province of Quebec. 


2. Conodonts from the Cincinnati Group. 
Genus Drepanopus, Pander, 1856. 


Drepanopvs arcuatus, Pander. (PI. XV. figs. 7, 8.) 


Drepanodus arcuatus, Pander, Monographie der fossilen Fische, 
1856, p. 20, tab. 1. figs. 2, 4, 5. 

Tooth simple, resembling a more or less curved spine, nearly cir- 
cular in section, the basal portion expanded and with a slight 
contraction between it and the shaft of the tooth. The teeth are 
all translucent and of a reddish horn-colour ; they vary in length 
from 2 line to 1} line, and in width at the base from j line to # line. 

Loc. Garrison Common, near Toronto, Ontario. Abundant. 


Genus Distacopus*. 
Machairodus, Pander, 1856. 


Disracopus incurvus, Pander. (Pl. XY. fig. 9.) 

Machairodus inewvus, Pander, Monographie der fossilen Fische, 
p. 23, tab. i. fig. 22. 

Base of tooth expanded, the shaft slightly curved, the point com- 


* I propose to substitute this name for Pander’s Machairodus, the latter 
haying been long preoccupied by Kaup. 
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pressed and acute; a very strongly marked broad and sharp edge 
on the outer curve, and a similarly sharp but narrower edge on the 
inner curve of the tooth; the central portion convex in section. 
Length 17 line, width of base 3 line. 

Loc. Garrison Common, near Toronto, Ontario. 


PRIonrIopUS ELEGANS, Pander. (Pl. XY. fig. 10.) 


Prioniodus elegans, Pander, Monographie, p. 29, tab. ii. figs. 22, 23. 

Basal portion straight and narrow; at the anterior extremity is 
an elongated tapering main tooth, the lower portion of which appears 
to extend below the front part of the base. On the base are thirteen 
straight, delicate, poimted denticles nearly uniform in size. Both 
main tooth and denticles convex in section. Length of main tooth 
= line, of the horizontal base 2 line. 

My example has not the exterior denticle or the sharp edges 
of the main tooth of Pander’s example, but in other respects it is 
similar. J have found but a single specimen. 

Loc. Garrison Common, near Toronto, Ontario. 


Prioniopus? porirus, Hinde. (Pl. XY. figs. 11, 12.) 


Basal portion of tooth compressed, uneven in width, straight or 
slightly curved; at or near the central part a short robust main tooth 
with a series of short compressed denticles, varying from five to 
eight in number, on either side of it. Length of base from 3 line to 
? line. The specimens haye a bright polished appearance and a 
light horny tint. 

Loc. Garrison Common and Don valley, near Toronto, Ontario. 


Prioniopus FuRcATUS, Hinde. (Pl. XV. fig. 13.) 


Base narrow and strongly arched, at the centre of the arch a 
prominent robust main tooth, slightly curved, depressed convex, and 
with sharp edges, the lower extremity blunted and produced beyond 
the base. On one side of the central tooth the base carries six flat- 
tened denticles inclined to the centre; on the other side are eight 
similar denticles, but vertical to the base. Length of main tooth 2 
line; distance between the extremities of the base 3 line. . 

The strongly arched form, the prominence of the main tooth, and 
its extension below the base distinguish this from the foregoing 
species. 

Loc. Garrison Common, near Toronto, Ontario. 


Remarks on the Cambro-Silurian Conodonts. 


It is worthy of notice that of the six species above described no 
fewer than three should be identical with, and the other three should 
- have a close general resemblance to, the forms discovered by Pander 
near St. Petersburg. At the same time there is by no means the 
Same proportion in respect to the number of the species of the sim- 
ple and compound teeth found in the two countries ; for whilst there 
is nearly an equal number of the compound forms in the Cambro- 
Silurian of Canada as of Russia, only two species of the simple teeth 
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have as yet been found in Canada; but in Russia these simple teeth 
abound in such great variety that Pander divided them into no fewer 
than seven genera, including thirty-eight species. It is also remark- 
able that neither in Canada nor in Russia do these semple teeth 
appear to extend toa higher geological horizon, though the compound 
ones in the lower rocks have a generic resemblance to those from 
the Devonian and Carboniferous. There is the still further coinci- 
dence that in Russia only traces, and in Canada none, of these bodies 
have as yet been met with in strata between the Cambro-Silurian 
and the Devonian ; but a further special search may lead to their 
discovery in the intermediate rocks. 


3. Conodonts from the Hamilton and Genesee-Shale divisions of the 
Devonian. 


In certain beds of these Devonian rocks the Conodonts appear in 
such profusion and variety of form as far to surpass those already 
described from the Siluro-Cambrian; and, judging from Pander’s 
description, they are more numerous and better-preserved than those 
in the Deyonian and Carboniferous rocks of Russia. The work of 
classifying these various forms has to some extent been simplified by 
the discovery of the specimen, already mentioned, in which a number 
of diversely shaped teeth, together with small plates, are shown to 
have appertained to the same individual, which I describe below 
under the generic name of Polygnathus. A good proportion of the 
other detached teeth in the same rocks are related to those of Poly- 
gnathus, and, for the sake of reference, will have to be described sepa- 
rately, though, judging from the remarkable combination of various 
forms in this individual, allthese teeth may have belonged to two 
or three species only. There are, however, in this type specimen of 
Polygnathus none of the more typical forms of Prionicdus with a 
very prominent elongated central or terminal main tooth, so that I 
purpose to retain this genus for similar forms. As an indication of 
the uncertainty attending the classification of these teeth from de- 
tached specimens, I may mention that in the individual example of 
Polyguathus there are teeth which Pander has placed under different 
genera. 


PrRrionropus pRRAtICUS, Hinde. (Pl. XV. fig. 14.) 


Tooth with a short, narrow, slightly arched base, at one extremity 
of which a relatively large, cylindrical, slightiy curved main tooth 
projects obliquely outwards, forming an obtuse angle with the base. 
On the base are five stout, nearly upright, smaller teeth or denticles, 
which in some specimens are more elongated than in the one figured. 

Locality and Formations. North Evans, New York State: from 
the ‘‘ Conodont-bed” of the Hamilton group. Also from Bedford, 
Ohio: in the Cleveland Shales of the Lower Carboniferous. 


PrronIopDUs ABBREVIATUS, Hinde. (Pl. XV. fig. 15.) 
Base of tooth very short and stout, at one end a comparatively 
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long, nearly straight, cylindrical, blunted, main tooth, on one side of 
which are two blunted denticles with small knobs at their summits. 
Length of main tooth 3 line, of the base line. 

Loc. North Evans, New York: from the ‘“Conodont-bed” of 
the Hamilton group. 


Prionropus cLAvaTusS, Hinde. (PI. XY. fig. 16.) 


Basal portion arched, narrow, stout and convex in section; the 
central tooth straight, cylindrical, and blunted; on one side of this 
there are four, and on the other two stout teeth similar to the cen- 
tral tooth and but little inferior in size. 

Length of base 3 line, of the central tooth 2 line. 

Loc. North Evans, New York: from the “Conodont-bed ” of the 
Hamilton group. 


Prionropus aNauLatus, Hinde. (PI. XY. fig. 17.) 


Base thin, narrow, and arched, so that the two sides meet at an acute 
angle ; from the apex there rises a long, straight, compressed, needle- 
shaped main tooth with a median longitudinal groove; on either 
side of the base are four slightly curved slender denticles. Distance 
between extremities of the base 4 line; length of main tooth 4 line. 
This species is very delicate and brittle, and perfect examples are 
rare. The missing portions, however, leave their impressions in the 
shale, so that the entire form can be readily distinguished. 

Loc. North Kvans, New York: from Genesee Shale. Also at 
Bedford, Ohio: in Cleveland Shales, Lower Carboniferous. 


PRIONIODUS ACICULARIS, Hinde. (PI. XV. figs. ikesy US») 


Basal portion straight or slightly arched, generally wide, very 
thin, polished and transparent; near one extremity a relatively 
large, slightly curved, compressed main tooth, with two denticles on 
one side, and on the other aseries of from eleven to thirteen delicate, 
slightly curved, acutely pointed denticles, slightly inclined to the 
base in which they are imbedded. The main tooth and the denticles 
have a polished aspect and tint like ivory, whilst the base is of a 
brownish horn-colour. In fig. 18 the length of the base is % line, 
and of the main tooth 3 line; in fig. 19 the base is 1 line and the 
main tooth Z line in length. 

The base is very variable in width in different examples, and in some 
forms the two denticles preceding the main tooth are not present. 

Loe. Kettle Point and Bear Creek, Lambton County, Ontario; 
North Evans, New York: Genesee Shale. 


Priontopus ArMAtUs, Hinde. (PI. XV. figs. 20, 21.) 


Basal portion very narrow and slightly curved; at one extremity 
a relatively large, triangular, depressed convex main tooth, the ex- 
terior basal angle of which is produced downwards into a short 
spur. There are from five to eleven straight compressed denticles. 
Length of base from 4 line to ? line, of the main tooth 3 line. 

Loc. Near Port Stanley, Lake Erie, Ontario: in erratic boulders 
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of Genesee Shale. Also from North Evans, New York, in Genesee 
Shale. 


Priontopus spicatus, Hinde. (Pl. XVI. figs. 1, 2, 3.) 


Basal portion straight, narrow, and convex; at one extremity a 
straight or slightly curved main tooth which is produced below the 
horizontal base to a pointed projection. A variable number of 
straight slender denticles are present on the base, and between 
these are intercalated still smaller denticles. Length of base 3? 
line, of main tooth 3 line to 3 line. 

Loc. Bear Creek, Ontario; North Evans, New York: Genesco 
Shale. 


Priontopus Panprri, Hinde. (PI. XVI. fig. 4.) 


A relatively very large, slightly curved, depressed convex main 
tooth springs from one extremity of the narrow horizontal base; at- 
tached to the base of the main tooth, and extending downwards, is a 
prominent spike-like projection, which has on its upper surface the 
bases of what appear to have been four stout denticles ; on the hori- 
zontal base are the lower portions of six denticles. Length of the 
large tooth 1% line, of the projection 3 line, and of the base line. 

This species is allied to P. tulenses, Pander (Monograph. p. 30, 
tab. 2a. fig. 19) which has also a somewhat similar produced spike 
below the main tooth, with a single denticle on it. P. tulensis is 
from the Carboniferous Limestone in the province of Tula, Russia. 

I have named this species in memory of Dr. Pander, the first dis- 
coverer of Conodonts. 

Loc. Kettle Point, Ontario: Genesee Shale. Also from North 
Eyans, New York: in the “ Conodont-bed ” of the Hamilton group. 


Prionropus? atatus, Hinde. (Pl. XVI. fig. 5.) 


A comparatively large, triangular, depressed convex main tooth 
with a narrow arched base, one arm of which is produced obliquely 
downwards and carries five, short, blunted denticulations on the ex- 
terior edge. This tooth varies greatly from the more typical forms 
of Prioniodus, in its triangular form and in having the basal portion 
but very indistinctly marked off from the tooth itself; the smaller 
denticulations have also the appearance of being only prolongations 
of the thin border of the main tooth. Length 1% line, greatest 
width ? line. 

Loc. North Evans, New York: in the “ Conodont-bed” of the 
Hamilton group. 


Genus Potyenatuus, Hinde, nov. gen. 


I propose this genus for an animal possessing numerous minute 
and variously formed Conodont teeth and similarly minute tuber- 
culated plates grouped together, but of which the natural arrange- 
ment is not at present known. 

This meagre definition is all thatis afforded by the single example 
of the genus met with, in which about twenty-four entire and frag- 
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mentary teeth and six plates have been crushed together in a small 
patch of about one fourth of an inch in diameter, in black shale. 
The specimen was discovered in splitting open a slab of the rock, 
the division taking place in the centre of the specimen. No indica- 
tion can be seen of the natural position of the teeth and plates; but 
it can hardly be doubted that they all belonged to one individual, as 
it would be beyond all reasonable probability thatso many diversely 
formed teeth, of such delicate structure, could have been thus brought 
together into so small aspace by mechanical means, more particularly 
when it is a very rare circumstance to find, in the same rock, even 
two detached teeth at all close together; and in only one other in- 
stance have I found two Conodonts partially connected together, and 
these are forms which are present in this compound example. If, 
however, these various teeth and plates were attached in their natu- 
ral positions by soft tissues merely, by the decay of these they 
would be liable to be crushed together into a shapeless mass like 
that presented by the specimen. 


Potyenatuus pusius, Hinde. (PI. XVI. figs. 6-18.) 


The only example discovered in which the teeth of this remarkable 
form are grouped together has been crushed to such an extent that 
the individual teeth and plates can be only partially distinguished ; 
but the various kinds are met with in a very perfect condition, as 
SO many separate specimens, scattered through the rock. As these 
detached teeth occur not only in the rock in which the grouped 
specimen is found, but are widely distributed even in Lower Carbo- 
niferous rocks, I append descriptions and figures of the individual 
teeth and plates. 

For the convenience of reference I refer the teeth to pectinate, 
fimbriate, and crested forms. 

1. Pectinate teeth —Of these the kind figured in Pl. XVI. figs. 6-9 
has a narrow, slightly arched base and a main tooth which is some- 
times produced below the level of the base ; the secondary teeth are 
slender and acute, and vary from 14 to 20 in number. This kind 
averages about ? line in length, and is abundant in the “ Conodont- 
bed” of the Hamilton group as well as in the Genesee Shale at 
North Evans. 

Another variety of pectinate compound teeth, shown in Pl. XVI. 
figs. 10, 11, 12, has the base straight and almost linear ; there is no 
distinctive central tooth, but a series of similarly shaped teeth, 
sometimes as many as 14, of which the central ones are the longest. 
Occasionally smaller denticles are intercalated. The base of these 
forms is about 2 line in length, and the longest teeth from 3 to 3 line 
long. ‘This variety is very widely distributed. It has been described 
by Pander under the name of Centrodus simplea (‘ Monograph.’ p. 31, 
tab. 24. figs. 2, 3, 5, 6), from the Lower Carboniferous in Russia ; it 
occurs in the same formation at Bedford, Ohio, and also appears in 
Genesee Shale at Kettle Point, Ontario, as well as at North Evans, 
New York. 

2. Iimbriate teeth (Pl. XVI. figs. 13, 14).—The base of these com- 
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pound teeth is straight, narrow, elongate, and pointed at one extre- 
mity; near the opposite end is a delicate, needle-like main tooth with 
three smaller teeth on one side between it and the end of the base; 
on the other side, extending to the pointed tip of the base, is a series of 
very numerous, extremely minute denticles, appearing like a fringe 
on the upper border of the base. In some examples these small 
denticles are nearly uniform in size, in others every fourth tooth is 
larger ; but there exists considerable variation in this respect, even 
in the same specimen. In the example figured (fig. 13), of which 
the base is 1+ line in length, there are 70 of the small denticles. 
This form is very abundant and quite as widely distributed as the 
preceding. It appears to be identical with the fragmentary tooth 
named by Pander Centrodus lineatus (‘ Monographie,’ p. 31, tab. 24. 
fig. 9), from the Lower Carboniferous in Russia; it is in the same 
formation at Bedford, Ohio, and is also found at Kettle Point and 
Bear Creek, Ontario, and at North Evans, New York, in the 
Genesee Shale. 

3. Crested teeth (P1. XVI. figs. 15, 16, 17).—Of these there are two 
varieties present in Polygnathus dubius. The first (fig. 15) has the 
base compressed and nearly of equal width, save at one end, which 
isabruptly contracted. There are about twenty small teeth or crenu- 
lations on the base. The second variety (figs. 16, 17) has one part 
of the base narrow and thickened, with sometimes a row of minute 
erenulations on its upper edge ; beyond this the base forms a small, 
flattened, crest-like expansion with from 5 to 8 teeth on its border. 
Both these varieties are closely allied to the form named by Pander 
Gnathodus mosquensis (‘ Monographie,’ p. 24, tab. 2. figs. 10a, b, ¢). 
The second is the more abundant of the two, and three or four indi- 
viduals can be distinguished in the crushed example of Polygnathus. 

The small plates associated with the teeth in Polygnathus dubius 
are of an elliptical form with smooth edges (Pl. XVI. fig. 18). One 
surface is slightly convex, with a slight longitudinal median ridge ; 
the surface, as well as the ridge, is covered with small tubercles fre- 
quently with a linear arrangement ; the reverse side of the plate is 
smooth, with faint traces of concentric lines; the two ends are 
slightly elevated, and there is a median ridge with a smali diamond- 
shaped pit in or near the centre of the plate. Each plate is about 
2 line long and # line wide. Six of these plates, but all apparently 
of the same form, can be distinguished in the specimen of Polygnathus. 

Besides the teeth already referred to, there are fragments of others 
too imperfect to be recognized, and these may possibly belong to 
some forms which, occurring as detached specimens, I have described 
under other names. 

The existence of such a variety of teeth and plates in this single 
example appears to make the question of the affinities of the organism 
to which they belonged still more complex. Great numbers of teeth 
compose the lingual ribbon of many mollusks; but in none, that 
I am aware of, is there a similar variety of form, nor are there 
any bodies analogous to the tuberculated plates. Nor in existing 
Myxinoids, to whose teeth the Conodonts are comparable, are similar 
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plates present. Whatever the animal may have been, it appears to 
have had a very wide distribution both in Devonian and Carboni- 
ferous times. 

Locality and Formation. The single specimen, in which the above- 
mentioned teeth and plates are shown together, is from the Genesee 
Shale (Devonian) at North Evans, N.Y. 


PoLyenataus pupticatus, Hinde. (Pl. XVI. fig. 19.) 


Base of the compound tooth bent at an obtuse angle, narrow, and 
slightly convex ; in the centre a needle-like tooth oblique to the base, 
with a similar but slightly shorter tooth adjacent to it; this is followed 
by six acute denticles on one side of the base, and on the opposite 
side are eleven very small denticles nearly at right angles to the 
base. Length of base 3 line. 

This form is closely allied to some of the pectinate teeth of P. 
dubius and may belong to a mere variety of that species. The de- 
tached position of this and the forms described below makes it a 
necessity to place them under different names, though there is great 
probability that they do not belong to more than one or two species. 

Loc, Bear Creek, Ontario: Genesee Shale. 


PoLyenatuus Rapiatus, Hinde. (PI. XVI. fig. 20.) 


Tooth very minute ; the base curved, narrow, and compressed in 
the centre ; a broad, slightly convex, main tooth inclined to the base; 
on one side of this there are six, and on the other four flattened, 
curved denticles. Length of base 3 line. 

Loc. Kettle Point, Ontario: Genesee Shale. 


PoLyenaTHus IMMERSUS, Hinde. (PI. XVI. fig. 21.) 


Tooth minute; base slightly curved and very wide; nearly in the 
centre 1s a short, blunted, main tooth, on one side of which there 
are ten, and on the other eight very delicate, elongated denticles. 
All these teeth are so deeply imbedded in the delicate transparent 
base that only the tips project beyond it. Length of base 3 line, of 
- the main tooth 7 line. 

This form closely resembles Cienog gnathus Verneuilli, Pander, frotn 
the Devonian of Russia (‘ Monographie,’ p. 32, tab. Qa, fig. 16). 

Loc. Kettle Point, and in erratic boulders on the north “ghowen of 
Lake Erie, Ontario: Genesee Shale. 


Potyenatuus nasvrus, Hinde. (PI. XVI. fig. 22.) 


Base of tooth narrow, elongated, and straight, terminated at one 
end by a broad, flattened, depressed main tooth, which projects in a 
line with the base; below the main tooth, and making an acute 
angle with the base, is a small arm carrying three denticles ; on the 
base itself are twenty denticles of various lengths, Length of base 
13 line. 

Loc. North Evans, New York; Genesee Shale. 
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Potyenatuus princers, Hinde. (PI. XVI. fig. 23.) 


On a narrow, elongated base there is a scries of eleven relatively 
large and robust teeth, somewhat oval in section. The central teeth 
are larger than those near the extremities of the base. Length of 
base 2 lines, of the largest tooth 3line. Centrodus simplex, Pander 
(‘ Monographie,’ p. 31, tab. 24. fig. 3), seems to be a fragment of a 
similarly large tooth from the Carboniferous of Russia. 

Loc. North Evans, New York: from the “* Conodont-bed ” of the 
Hamilton group and the Genesee Shale. 


Potyenaruus coronatus, Hinde. (Pl. XVII. fig. 1.) 


Base very narrow and gracefully arched, with seven subequal, 
relatively large, robust, curved teeth. The teeth in this form are of 
an ivory-white, whilst the base is brownish and translucent. It is 
closely allied to Centrodus convexus, Pander (‘ Monographie,’ p. 31, 
tab. 24. fig. 4); but has a narrower base, more teeth, and no inter- 
ealated small ones. Length of base ? line, of the longest tooth 
= line. 

Loc. Kettle Point, and in erratic boulders on north shore of Lake 
Erie, Ontario: Genesee Shale. 


Potyenatuus soripus, Hinde. (PI. XVII. fig. 2.) 


On a short, very thick, and wide base there is a closely arranged 
series, varying from seven to eleven in number, of subequal, short, 
stout and obtuse teeth. Very abundant. 

Loc. North Evans, New York: from the ‘‘ Conodont-bed ” of the 
Hamilton group. 


Potyenatuus crassus, Hinde. (Pl. XVII. fig. 3.) 


Base of tooth narrow, curved, and relatively very thick, with a 
prominent ridge, in which are six obtuse teeth or crenulations ; the 
posterior extremity crest-like, with two stout teeth on the summit. 
Length 3 line. 

This form is allied to the crested teeth of P. dubius; but it is a 
shorter and more robust form. 

Loc. North Evans, New York: “ Conodont-bed ” of the Hamilton 
eroup. 


Poryenatuus? serratus, Hinde. (PI. XVII. figs. 4 & 5). 


Tooth or jaw formed of a thin, curved, and highly convex basal 
plate, truncated at one end, and with a blunt projection at the 
opposite extremity. On the upper edge are about thirty minute 
crenulations or blunted teeth. Length 1 line, width 3 line. 

This species and the two following differ from the more typical 
forms of Conodonts ; but as they appear to be connected with the 
* crested” teeth of P. dubius, I place them provisionally under that 
genus. They have also a resemblance to G'nathodus mosquensis, 
Pander (‘ Monographie,’ p. 33, tab. 2. figs. 10 a, b,c). P.? serratus 
appears at present only in one place, where, however, it is abundant. 

Loc. Kettle Point, Ontario; Genesee Shale. 
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PotyenatHus? ERrIENSIS, Hinde. (Pl. XVII. fig. 6.) 


Tooth or jaw formed of an oblong, compressed plate, with ten 
stout, blunt teeth on its upper border. This plate is attached nearly 
at right angles to a chitinous appendage, nearly of a triangular form, 
whilst the toothed portion of the jaw is of the usual brownish semi- 
translucent character common to the majority of the Conodonts ; 
the appendage has a black chitinous appearance. Length 12 line. 

Loc. From an erratic nodule of black Genesee Shale on north 
shore of Lake Erie, Ontario. 


PotyenatHus? curvatus, Hinde. (Pl. XVII. fig. 7.) 


Tooth or jaw formed of a wide, oblong, slightly curved plate with 
about fourteen blunt teeth or crenulations on the upper border; this 
plate is attached at right angles to a compressed, sickle-shaped, grooved 
appendage of a similar structure to that of the preceding species, 
from which, however, it differs in shape. Length 17 line. 

I have only met with a single specimen. 

Loc. Bear Creek, Ontario: Genesce Shale. 


PoryeNnaTHus PENNATUS, Hinde. (Pl. XVII. fig. 8.) 


An elongated oval plate with a longitudinal depressed furrow, in 
the centre of which rises a slender keel, which is produced beyond 
the main portion of the plate and has a few blunt tubercles on its 
crest. ‘Transverse ridges run from the outer edge of the plate to 
the central furrow. Abundant. 

Loc. North Evans, New York: from the ‘‘ Conodont-bed” of the 
Hamilton group. 


PoLYGNATHUS TUBERCULATUS, Hinde. (PI. XVII. figs. 9 & 10.) 


Plate somewhat circular in outline, with a prominent central 
keel produced and tuberculated ; in the lower portion of the plate 
is a partially detached lobe on either side of the central line; the 
plate is provided with rows of tubercles which converge towards the 
centre. The reverse side of a form which appears to belong to this 
species (fig. 10) has a central ridge with a small diamond-shaped 
pit just below the centre of the plate; the surface of this reverse 
side is smooth, with traces of concentric lines. Length of plate and 
keel Z line, and 3 line in width. 

Loc. North Evans, New York: from the ** Conodont-bed” of the 
Hamilton group. 


Potyenaruus cristatus, Hinde. (Pl. XVII. fig. 11.) 


Plate oval in outline, depressed, convex; the central keel very 
prominent and with stout teeth or crenulations on its crest; on the 
plate are two rows, on either side of the central keel, of prominent 
tubercles. Length 7 line, width 3 line. 

Loc. North Evans, New York: from the ‘‘ Conodont-bed.” 


Potyenatuus TRuNcATUS, Hinde. (Pl. XVII. figs. 12 & 13.) 
Plate cordate in outline, with a median keel which is not continued 
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beyond the plate ; the convex surface covered with small tubercles. 
Length 3 line. A variety of this form (fig. 13) appears to have no 
keel whatever, but a simple tuberculated surface. 

Loc. Bear Creek, Ontario: from the Genesee Shale. Also from 
North Evans, New York: from the “Conodont-bed” of the Hamilton 
group. 


Potyenaruvs punctatus, Hinde. (Pl. XVII. fig. 14.) 


Plate unsymmetrical, flat and thin; a delicate keel which does 
not reach to the tip, but is produced beyond the lower portion of the 
plate and has two or three nodes on it; the surface of the plate is 
covered with very minute tubercles. Length 3 line. 

Loc. North Evans, New York: Genesee Shale. 


Potyenatuvs Lincuirormis, Hinde. (Pl. XVII. fig. 15.) 


Plate elongate, one extremity produced into a tongue-like pro- 
jection, bending downwards; the sides of the plate curving upwards, 
forming a central trough, from the bottom of which tie keel rises, 
this extends some distance beyond the sides of the plate and has an 
expanded crenulated crest. The anterior tongue-like projection has 
several strongly-marked transverse ridges; the lateral surfaces have 
a few scattered tubercles. Length about 1 line. This peculiar 
form is very abundant. 

Loc. North Evans, New York: from the Conodont-bed of the 
Hamilton group. Also in erratic boulders in Genesee Shale on north 
shore of Lake Erie, Ontario. 


Potyenatuus patmatus, Hinde. (Pl. XVII. figs. 16 & 17.) 


Plates elongated, with an unsymmetrical, partially lobed outline, 
depressed in the central portion, a longitudinal keel, and sometimes 
a delicate transverse one, extending from one side only to the central 
depression ; surface smooth and polished and with traces of con- 
centric lines; the reverse side of this form also appears to be smooth. 
Length yarying from 3 line to 1} line, and width between 3 line 
and 2 line. 

In the smooth surface and very irregular outline this differs from 
all the preceding varieties of these plates. ‘This form is very 
abundant and widely distributed. 

Loc. Kettle Point, Bear Creek, Ontario ; North Evans, New York ; 
near Louisville, Kentucky: Genesee Shale. 


Potyenaruus ? simpLEx, Hinde. (Pl. XVII. fig. 18.) 


Jaw ? resembling a tenter-hook in shape and nearly oval in section ; 
the proximal extremity is smooth and rounded like that of an arti- 
cular surface ; a prominent ridge extends in a median line from this 
end to near the tip of the hook; the surface of the jaw above this 
ridge is smooth and glistening, whilst below it very fine parallel 
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lines can be seen. Length of the straight portion 3 line, of the 
hook 3 line. 

These small shining bodies are very abundant in the same beds 
with the Conodont teeth and plates, and though diverse in form, 
they correspond in apparent structure and relative dimensions ; 
therefore I regard them as related to the same organisms, and place 
them provisionally under the same genus with the equally proble- 
matical plates and teeth. 

Loc. North Evans, New York: from the ‘‘ Conodont-bed ” of the 
Hamilton group. 


EXPLANATION OF THE PLATES. 


PLATE XV. 


Figs. 1-6. Prioniodusradicans,H. Figs. 2, 3, 4, 5 are front views; fig. 1 and 6 
show the reverse side with the longitudinal groove; x 10. Gren- 
ville, Province Quebec. (Chazy.) 

7, 8. Drepanodus arcuatus, Pander: X 10. Toronto. (Cincinnati.) 
9. Distacodus incurvus, Pander: x 10. Toronto. (Cincinnati.) 
10. Prioniodus elegans, Pander: < 20. Toronto. (Cincinnati.) 
? politus, H.: X 20. Toronto. (Cincinnati.) 
13. —— furcatus, H.: x 20. Toronto. (Cincinnati.) 


14, erraticus, H.: X 20. North Evans, N.Y. (Hamilton and 
Carboniferous. ) 
15. abbreviatus, H.: x 20. North Evans, N.Y. (Hamilton.) 
16. clavatus, H.: <X 20. North Evans, N.Y. (Hamilton.) 
17. angulatus, H.: X 20. North Evans, N.Y. (Genesee and 
Carboniferous. ) 
18, 19 acicularis, H.: x 20. Kettle Point, Ontario. (Genesee.) 
20, 21 armatus, H.: <x 20. North EHyans, N.Y. (Genesee.) 


Puatr XVI. 
Figs. 1,2,3. Prioniodus spicatus, H.: x 20. North Evans, N.Y. (Genesee.) 


4, Panderi, H.: Xx 20. North Evans, N.Y. (Genesee and 
Hamilton.) 
5. ? alatus, H.: x 10. North Evans, N.Y. (Hamilton.) 


6-18, Polygnathus dubius, H.: x 20. Figs. 6-12 represent different forms 
of pectinate teeth ; figs. 13 and 14 fimbriate teeth ; figs. 15, 16, 
17 crested teeth; and fig. 18 shows the reverse side of one of the 
plates of this species. Kettle Point, Ontario; North Evans, 
N.Y.; and Bedford, Ohio. (Hamilton, Genesee, and Carboni- 


ferous.) 
19. duplicatus, H.: x 20. Bear Creek, Ontario. (Genesee.) 
20. —— radiatus,H.: xX 20. Kettle Point, Ontario. (Genesee.) 
21 immersus, H.: x 20. Kettle Point, Ontario. (Genesee.) 
22 nasutus, H.: x 20. North Evans, N.Y. (Genesee.) 
23 princeps, H.: x 20, North Evans, N.Y. (Genesee and 
Hamilton.) 
Puatre XVII. 
Fig. 1. Polygnathus coronatus,H.: X 20, Kettle Point, Ontario. (Genesee.) 
2. solidus, H.: * 20. North Evans, N.Y. (Hamilton.) 
3. erassus, H.: X 20. North Hyans, N.Y. (Hamilton.) 
4,5, ——? serratus, H,: X 20. Kettle Point, Ontario, (Genesee.) 
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Fig. 6. Polygnathus? eriensis, H.: X 20, Lake Erie shore, Ontario. 
(Genesee. ) 
Le ? curvatus, H.: x 20. Bear Creek, Ontario. (Genesee.) 
8. pennatus, H.: X 20. North Evans, N.Y. (Hamilton.) 
9, 10. —— tuberculatus, H.: x 20. North Hvans, N.Y. (Hamilton.) 
11. cristatus, H.: X 20. North Evans, N.Y. (Hamilton.) 
12. —— truncatus, H.: x 20. Bear Creek, Ontario. (Genesee.) 
13. truncatus, var.: X 20. North Evans, N.Y. (Hamilton.) 
14. —— punctatus, H.: X 20. North Evans, N.Y. (Genesee.) 
15. linguiformis, H.: x 20. North Hyvans, N.Y. (Hamilton and 
Genesee. ) 
16, 17. -—— palmatus, H.: x 20. Kettle Point, Ontario. (Genesee.) 
18. ——? simplex, H.: xX 20. North Hyans, N.Y. (Hamilton.) 


(For Discusston on this paper, see p. 389.) 
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30. On Annetip Jaws from the CampBro-SILuRIAN, SILURIAN, and 
Devonian Formartrons in Canava and from the Lownr CaRBont- 
FEROUS in Scortand. By Guorer Junnines Hinpe, Esq., F.G.S. 
(Read March 12, 1879.) 


[Puates XVIII.-XX.] 


Introduction. 
Up to a comparatively recent period our knowledge of fossil Errant 
Annelids has been limited to those evidences of their existence afforded 
by the casts of vertical borings, or of more or less horizontal winding 
markings with which the surfaces even of some of the earliest stra- 
tified rocks are abundantly covered. The resemblance of many of 
these borings and tracks to those made in the sandy mud of the sea- 
shore by existing Annelids is so great, that their origin could not be 
disputed; but some of these markings have given rise to various 
opinions as to their origin, some believing them to be the impressions 
of fucoids, whilst by certain German paleontologists they have been 
seriously regarded as the casts of Graptolites. Whilst the impres- 
sions are of common occurrence, more particularly in the Palseozoic 
rocks, discoveries of any clearly marked portions of the Errant 
Annelids themselves have been comparatively few; but when it is 
considered that almost the only portions of the organism of the ex- 
isting representatives of these animals capable of fossilization are 
the chitinous jaws and sete, and that these are generally very 
minute, it is not at all surprising that similar small objects, even 
where they have been preserved, should have eluded observation. 
It has been my good fortune to meet with a great variety of these 
jaws in rocks of Palaeozoic age in Canada, and also to find a few 
traces of them in Scotland, of which I purpose giving a description 
in the present communication. 
Bibliography. 

Leaving on one side the descriptions which have appeared relating 
to the tracks of Annelids, the first notice which I have seen of the dis- 
covery of the jaws of these animals is given by Dr. Heinrich Pander 
in his ‘Monographie der fossilen Fische des silurischen Systems 
der Russisch-Baltischen Gouyernements,’ 1856*. Though Pander 
did not recognize his specimens as Annelid jaws, and merely noticed 
the difference between them and Conodonts, there can be no doubt, 
from his description and figures of Aulacodus obliquus, that these 
small objects, of about a line in length, are, in reality, jaws closely 
similar to those which I have placed under the genus Hunicites. 
Pander’s specimens came from Upper Silurian strata in the Isle of 
(isel. 

The next account we possess of fossil errant Annelids is by Dr. 


* Page 72, pl. iy. fig. 16, a, b, ¢, d. 
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Ehlers, who, in an article “Ueber fossile Wurmer aus dem litho- 
graphischen Schiefer in Bayern”*, describes the genera Hunicites, 
Lumbriconereites, and Meringosoma. In these celebrated lithographic 
shales the entire form of the Annelid has been preserved, so that 
even the arrangement of the groups of sete can be distinguished ; 
but though the lower jaws of the specimens, on account of their 
possessing a more calcareous structure, still remain, the chitinous 
upper jaws haye disappeared, leaving only their impressions on the 
matrix. 

Lastly, Mr. G. B. Grinnell, of Yale College, Connecticut, described, 
in 18777, two specimens of Annelid jaws from the Cincinnati group 
of the Cambro-Silurian, which he constituted the types of a new 
genus, Nereidavus. It is in the same group of rocks, but about 
600 miles distant from Cincinnati, that the majority of my own 
specimens have been met with. 

So far as I am aware, the above are the only records we have of 
the discovery of the actual remains of Errant Annelids, notwith- 
standing the great probability of the continued existence of these 
animals from Cambrian times. 


Strata in which the Annelid Jaws are met with. 


The lowest strata in the geological scale in which I have found 
these fossil jaws are a series of micaceous flags and shales, with thin 
intervening beds of limestone, belonging to the Cincinnati, or, as it 
was formerly called, the Hudson-River group, probably the equiva- 
lent of the Bala in this country. The jaws occur less frequently in 
the fossiliferous limestone bands than in the flags and shales, whose 
surfaces are often covered with very various forms of tracks. In 
these flags, too, a species of Graptolite, Diplograpsus hudsonicus, 
Nicholson f, is abundant; and it may be interesting to notice that 
there is a great apparent resemblance in the character of the material 
of which these Graptolites and worm-jaws are composed. There are 
also a few simple and compound Conodonts in the same beds; but 
these are rare in comparison with the Annelid remains. Though in 
some strata the worm-jaws are much more abundant than in others, 
they appear to be very generally distributed throughout this series 
of rocks, and I have met with them in nearly every exposure in the 
vicinity of Toronto. 

The next higher beds belonging to the Clinton and Niagara for- 
mations (Wenlock) in which these jaws are present are separated 
from the strata at Toronto by a thickness of about 800 feet of shales 
and sandstones. Those belonging to the Clinton group which con- 
tain these fossils are hard grey sandstones and soft shales, with 
surfaces showing the usual worm-tracks, and for the most part 
devoid of other fossils. In the Niagara group I have found the jaws 
in a single thin bed of dark bituminous soft shale, in which are also 


* Palxontographica, Dunker und Zittel, Band xvii. 1867-70, p, 145, 


t American Journal of Science, Sept. 1877, p. 229. 
{ Palzontology of Ontario, 1875, p. 38. 
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some Graptolite remains as well as portions of the carapace and 
masticating apparatus of a species of Ceratiocaris. 

The few, but well-preserved, examples of jaws from the Hamilton 
group of the Middle Devonian occur in a very soft mudstone, asso- 
ciated with the spores of Lycopods and Tentaculites. 

In the Lower Carboniferous of Scotland the jaws are imbedded in 
some thin layers of calcareous shale, with Brachiopods and other 
fossils. As, however, there are beds of coal in the section within 
a few feet of this shale, it is not likely to have been laid down in 
deep water. 

It will thus be seen that the strata in which these fossil Annelids 
are present are all more or less shallow-water deposits; and we 
know that similar sandy and muddy beds are the favourite habitats 
of these creatures at the present time. 


Description of the Jaws. 


The Annelid jaws occur as small, dark, shining objects, very varied 
in form, dispersed through the rock, quite detached from each other 
and from the positions they occupied in the head of the animal. 
Occasionally they are met with singly, but more frequently numbers 
of them are associated on the surface of the same slab of rock, and 
sometimes the rock is literally covered with the dark shining frag- 
ments; most of these, on close examination, are thin chitinous par- 
ticles without definite shape, and may have been portions of the 
integument of the animal as well as broken-up fragments of the 
jaws. Except in cases where they have been long exposed to wea- 
thering influences, the jaws are of a bright glossy black tint, not 
showing any difference in those parts which must have been im- 
bedded in muscular tissue, and which in recent examples are gene- 
rally of a lighter horn-colour, whilst the free portions of the jaws of 
the fossil and recent specimens very closely resemble each other in 
appearance. When greatly weathered the black is changed to a 
rusty-reddish tint; but they are capable of resisting atmospheric 
influence to a great degree, and frequently stand out boldly in relief 
on the surface of very hard rock. 

The material of which the jaws are composed appears to be nearly 
entirely of a chitinous character, and so far free from calcareous 
matter that it undergoes no change in nitric acid. 

There is very great variation in the iene ton of the jaws; the 
ereater ahaa os do not average more than 5}, inch in length, but a 
few are 3 inch long and +}; inch wide. In order to form an idea of 
the relative length of worms with similar jaws, I measured the 
principal jaw- Pie in a specimen of the existing Humcea sanguinea, 
whose body was 8 inches long; the jaw-plate was + inch long and 
i. inch wide, If the length of these animals is in proportion to 
that of their j jaws, then the largest of the fossil jaws would belong 
to an Annelid of about 13 inches in length, whilst the ereates part 
would not be more than 3} inches long. 

I may here enumerate the principal forms of the fossil jaw-plates, 
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giving simply those of which there are comparatively numerous 
examples. 

1. Comparatively elongated and narrow jaws, without any pro- 
minent anterior tooth, but with a series, sometimes more than 
twenty in number, of more or less similar teeth, which gradually 
diminish in size towards the tapering extremity of the jaw. This 
form of jaw in some instances is supported on a wide basal flange. 

2. Wide and flat, hollow jaws, with the two anterior teeth larger 
than those following, the posterior extremity truncate, and with a 
deep furrow or cavity extending nearly to the centre of the plate. 

3. Jaws mostly elongate, with a distinct, but not very large, 
anterior tooth or hook, which is immediately succeeded by a series 
of smaller teeth. 

4, Jaws in which the anterior hook is very largely developed, and 
the smaller teeth are on the generally straight edge of a wide plate. 

5. A simple, more or less curved hook, comparatively narrow 
throughout. 

6. A simple hook with a very wide flange-like extension poste- 
riorly. 

7. Sickle-shaped or crescentiform jaws, with a more or less deve~ 
loped rod-shaped extension at one end and a series of small teeth 
on the curved upper edge. 

8. Jaws flattened and subquadrate, also with a rod-like prolonga~ 
tion, the upper toothed edge nearly straight. 

9. Small, triangular, arched plates, with a series of teeth of very 
unequal dimensions. 

In attempting to classify these objects great difficulties arise on 
account of the detached condition of the specimens. As the muscular 
tissue by which they were attached to the gullet became destroyed, 
the various plates which compose the complicated jaw-apparatus of 
these animals were set free and scattered apart over the surface of 
the rock, and in not a single instance have I discovered the different 
plates in such a position as to indicate with certainty that they 
belonged to a single animal. This is the more remarkable from 
the fact that the isolated jaw-plates are in most beautiful preserva- 
tion, and could not therefore have been exposed to any very dis- 
turbing influences. When it isremembered that the compound jaw- 
apparatus of Annelids belonging to the existing family of the Hunicea 
is composed of five or six pairs of jaw-plates of different forms and 
sizes, it will at once be seen how complicated a task it would be to 
arrange a confused assemblage of these plates under the different 
individuals, species, and genera to which they belonged; but the 
work becomes still more perplexing in the case of fossil specimens, 
where there are at hand very probably only an incomplete scries of 
the different plates, and these may reasonably be supposed to vary 
from those of their existing descendants. Under these circumstances 
I have been obliged to describe the fossil jaws separately, but 
without assuming that each isolated piece belonged to a different 
species, or even, in some cases, to a different individual, though it may 
fairly be supposed, from the very numerous specimens, and their 
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wide distribution in time and space, that there were many species 
of them. The resemblance of many of the fossils to the recent forms 
is so striking that their respective relations may be seen at a glance ; 
but others vary considerably from all the descriptions of recent 
forms of jaws which have come under my notice, and their position 
remains doubtful. 

All the forms met with seem to belong to the mouth-apparatus 
of these animals. Though the chitinous setze are of as durable mate- 
rial as the jaws, they are, as a rule, much more slender, as well as 
smaller, consequently more hable to destruction; and I have not 
recognized any specimens which could be referred to these organs. 

After a careful comparison of these fossil jaws with recent ex- 
amples of the Order Annelida Polychta or Nereida, I find speci- 
mens belonging to the three families of Hwnicea, Grube; Lycoridea, 
Grube; and Glycerea, Grube. By far the larger proportion are 
included in the family Eunicea; and when the fossils resemble the 
jaws of the present generic divisions of this family, I have adopted 
the same term with the terminal addition of -ztes, followimg the 
example of Dr. Ehlers in this respect. Thus in this family there 
-are fossil jaws belonging to the genera Hunicites, Ehlers, Gnonites, 
gen. noy., Arabellites, gen. nov., Lwmbriconereites, Ehlers, and Stau- 
rocephalites, gen. noy. The only genus in the family Lycoridea 
represented as fossil is Nereidavus, Grinnell. Though I regard the 
specimens on which Mr. Grinnell founded this genus as belonging 
to another family, I yet retain it for forms which appear to resemble 
the jaws of the present Nereis. Out of a large collection I have 
only found a single example which could with probability be assigned 
to Nereidavus ; and it would thus appear that this important family 
was not proportionately so well represented in Paleeozoic times as at 
present. I place under Glycerites the simple forms of jaws which 
appear to correspond with those of the existing genus Glycera. 

I have thought it best to describe the fossil jaws from the different 
formations separately, and therefore begin with those from the lowest 
group, that of the Cincinnati or Hudson River. The specimens were 
all collected by myself from Toronto and its immediate vicinity. 


ANNELIDA POLYCH ATA. 


I. From the Oincinnati or Hudson-River Group at Torenio. 
Genus Evunicrrzs, Ehlers. 


Evnicires mayor, Hinde. (Pl, XVIII. fig. 1.) 


Jaw oblong, somewhat flattened, the upper edge curved inwards ; 
the posterior end truncated, with a deep furrow leading to an oval 
central depression, from which a cavity apparently extends under 
the front portion of the jaw; the furrow is bounded above and 
below by rounded ridges. At the front of the jaw are two stout 
blunted teeth, and the upper edge carries seyen or eight short, sub- 
equal, rounded teeth. 


es 
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This is an abundant form, though perfect specimens are rarely met 
with. It varies greatly in size; the smaller examples are about 
1 line long, whilst the largest, as in the specimen figured, are 33 
lines in length and 14 wide. It may be distinguished from F. 
(Nereidavus) varians, Grinnell, by its truncated extremity and the 
median furrow and cavity. 


Kunicitus (NEREIDAVUS) VARIANS, Grinnell. (Pl. XVIII. figs. 2, 3, 5.) 


Nereidavus varians, Grinnell, American Journal of Science, Sept. 
1877, p. 229. 


Jaw elongated, curved, rounded in front, and convex, widest at 
about one third the length from the anterior end, and then gradually 
tapering to a point, the front portion sometimes curved upwards and 
inwards, the first tooth rounded, somewhat larger than the rest ; 
succeeding this are from two to five, blunted, rounded, upright teeth, 
and then aseries, varying in different specimens, of from nine to four- 
teen pointed teeth. These latter gradually diminish in size towards 
the posterior end, and are uniformly directed backwards. The 
dimensions of the specimens figured are as follows :—fig. 2, 23 lines 
long and 3 line wide; fig. 3, 2 lines long and about j line in width; 
fig. 5, 33 lines long and 7 line wide. Abundant. 

As the type specimen figured by Mr. Grinnell is imperfect, showing 
only the anterior portion of the jaw, I am unable to judge whether 
my examples are rightly referred to his species; but there is a very 
close resemblance between his fig. 1 (op. cit.) and my fig. 5, which 
leads me to believe that they are similar. These examples appear 
to me to correspond more with one of the toothed jaw-plates of 
Eunice (Leodice) antennata, Savigny, than with the jaws of Nereis, 
which in all the examples I have seen are widened at the posterior 
end for the muscular attanchment, whereas these examples all taper 
to a point. 


Eunicires contortus, Hinde. (Pl. XVIII. fig. 4.) 


Jaw elongated, very narrow, and tapering to a point, the anterior 
tooth prominent, nearly upright, not in plane with the rest, and fol- 
lowed by a uniform series of about seventeen pointed teeth, which 
are all directed backwards, parallel with each other. Length about 
13 line. 

“This form, besides being much smaller than Z£, varians, has also a 
more prominent anterior tooth, and the smaller teeth form a uniform 
series. Not unfrequent. 


Eunicires PERDENTATUS, Hinde. (Pl. XVIII. fig. 6.) 


Jaw extremely small, narrow, and gently curved; the anterior end 
elevated and bent inwards ; on this portion are two or three rounded 
teeth, which are followed by a series of about twenty very minute, 
subequal, acutely pointed teeth. 

The extremely small size, and the absence of a prominent anterior 
tooth, suffice to distinguish this from the preceding form. It also 
resembles 4. (Aulacadus) obliquus, Kichwald (see Pander’s Mono- 
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graph on the Fossil Silurian Fishes, p. 72), which has, however, a 
much wider base. Length 3 line. Abundant. 


EUNICITES SIMPLEX, Hinde. (Pl. XIX. fig. 2.) 


Jaw consisting of a simple, slightly curved hook, narrow through- 
out, and angular in section. Length 14 line. 


EKUNICITES GRAcILIS, Hinde. (Pl. XIX. fig. 3.) 


Jaw composed of a nearly straight, slightly convex basal portion, 
with a strongly curved anterior hook. Length 1 line, about j line 
in width. 


Eunicires? prerratus, Hinde. (PI. XIX. fig. 13.) 


Jaw very small, triangular, and nearly equilateral. At one ex- 
tremity are two slender, elongated, nearly straight teeth, behind 
which, on the straight upper border, are seven minute rounded teeth. 
Length of the upper edge about 3 line. 


Genus (inonires, Hinde. 


Jaws with a more or less curved anterior hook, followed by a 
series of smaller teeth, similar in character to those of the existing 
genus Gnone. 


CENoNITES CURVIDENS, Hinde. (Pl. XVIII. fig. 7.) 


Jaw nearly straight, with a strongly convex ridge, forming the 
lower portion of the base; in front a relatively large, very strongly 
curved tooth, obliquely bent; this is succeeded by fourteen small 
pointed teeth, carried on a very narrow flattened ridge. Length 
? line, about 7 line in width. 


CENonITES In=QUALIS, Hinde. (PI. XVIII. fig. 8.) 


Jaw nearly straight, tapering to a point; a small projecting ap- 
pendage below the anterior part of the base, a slightly curved and 
blunted anterior tooth, succeeded by three minute blunted teeth, 
behind which are six or seyen larger acutely pointed teeth. Length 
1 line, width rather more than j line. 


CENONITES SERRATUS, Hinde. (Pl. XVIII. fig. 9.) 


Jaw elongated, narrow, the toothed border slightly arched, trun- 
cated at the posterior end, which is wider than the front portion of 
the jaw, and is slightly concave, with a narrow median furrow. The 
anterior tooth is but slightly curved, behind which are, first in order, 
four very small rounded teeth, and then a series of twelve very 
minute pointed teeth. Length 3 line. 


(inonrtzs RostRatus, Hinde. (Pl. XVIII. fig. 10.) 


Jaw relatively short, very wide and truncate; a deep furrow justi 
below the toothed edge, extending from the middle to the trun- 
cated extremity, and below the termination of the furrow is a pro- 
jecting knob-like elevation ; a stout curved tooth in front, behind 
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which are four claw-shaped teeth, followed by five rounded teeth, 
Length 2 line, width 2 line nearly. 


(EvonirEs cungatus, Hinde. (Pl. XVIII. fig. 11.) 


Jaw small, compressed, widest in the central portion and tapering 
gradually to the blunted extremity; a slightly curved anterior tooth, 
and on the nearly straight upper edge twelve subequal, very minute, 
rounded teeth. Length 4 line. 


Cinontres? cartwarus, Hinde. (Pl. XIX. fig. 19.) 


Jaw elongate, truncate posteriorly, the front portion slightly con- 
vex ; a very stout anterior tooth, and towards the end of the jaw five 
minute blunted teeth on an angular ridge; the central portion of 
the jaw beneath the ridge deeply concave. Length 3 line. 


Genus ARABELLITES, Hinde. 


I propose to include in this genus jaws of widely different form, 
which have a general resemblance to those of the existing genus 
Arabella, Grube. 1. Jaws with an extremely prominent anterior 
hook, and a row of smaller teeth on a wide base; 2. Sickle-shaped 
jaws and allied forms; 3. Jaws subquadrate in form, with a straight 
upper edge of small teeth. ‘Those of the first division appear to 
correspond with the first pair, the second resemble the second pair, 
as figured in Cuvier’s ‘Régne Animal,’ of Arabella (Gnone) macu- 
lata, Kdwards; whilst the square-shaped jaws I regard as belonging 
to the lower jaw of Annelids of this genus. Examples of these dif- 
ferent forms are very abundant, not only in the Cambro-Silurian, 
but in all the other formations where the Annelid remains appear. 


ARABELLITES HAMATUS, Hinde. (Pl. XVIII. fig. 12.) 


Jaw oblong, truncate, the wide base nearly of an even width 
throughout, a knob-like projection in the centre of the lower basal 
edge, and a similar one at the end; the anterior tooth relatively 
wide and openly curved. On the upper straight edge are ten sub- 
equal rounded teeth. Length 3 line. 


ARABELLITES corNutUS, Hinde. (Pl. XVIII. figs. 13, 14, 15.) 


Jaw relatively wide, truncate, the lower basal edge curved, with 
a more or less prominent knob-like elevation in the centre, which is 
the widest part of the base, the upper edge nearly straight, with a 
deep furrow just below the teeth extending from the middle to the 
posterior extremity, beneath which a rounded elevation is sometimes 
present. In front is an extremely large curved hook, and on the 
nearly straight upper edge is a series of small teeth, from eleven to 
twenty in number ; those towards the front are conical, whilst further 
back they gradually diminish in size and become rounded. Fig. 13 
is 1 line long and 2 line wide; fig. 14 is 13 line long and 3 line 
wide; and fig. 15 is 3 lines long and 1 line wide. 
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ARABELLITES CUSPIDATUS, Hinde. (Pl. XVIII. fig. 19.) 

Jaw oblong, truncate, flattened, with an elongated depression in 
the upper posterior portion, the lower and upper borders nearly 
straight and parallel; in front a stout blunted tooth or hook, which 
is nearly at right angles with the main portion of the jaw, and on 
the upper edge about eighteen rounded minute teeth. Length 24 
lines, width 2 line. 


ARABELLITES OVALIS, Hinde. (Pl. XVIII. fig. 16.) 

Main portion of jaw of an oval figure, with a very large, curved, 
and slightly twisted hook in front, and eight or nine small pointed 
teeth. Total length 13 line, width 2 line. 


ARABELLITES GiBBosus, Hinde. (Pl. XVIII. fig. 21.) 

Jaw oval and strongly convex, with a well-marked curved line 
extending from the base of the hook to the extremity ; in front is a 
short, slightly curved, very stout hook; on the main portion of the 
jaw are ten subequal, oblique, pointed teeth. Length 13 line, width 
4 line 
= : 


ARABELLITES ASCIALIS, Hinde. (PI. XVIII. fig. 17.) 


Jaw narrow, elongated, and tapering to a point; a very long, 
curved, anterior tooth, not in the same plane with the body of the 
jaw ; on the straight upper edge there are about seven minute acutely 
pointed teeth. Length 1 line, width + line. 


ARABELLITES RECTUS, Hinde. (Pl. XVIII. fig. 18.) 


Main portion of jaw somewhat triangular, widest in front, and 
gradually tapering to the blunted extremity; in front a very large 
and robust hook, with a deep longitudinal furrow near the outer 
side. Six teeth are visible on the upper edge of the jaw. Length 
33 lines, width # line. 


ARABELLITES LUNATUS, Hinde. (Pl. XIX. figs. 4, 5, 6.) 


Jaw sickle- or crescent-shaped, one end pointed, the other ex- 
tended into a rod-like prolongation, the front surface concave. On 
the curved outer rim of the crescent are from ten to twelve short 
rounded teeth, the two anterior ones are generally slightly larger 
and somewhat divergent from the others; in one instance, however, 
these anterior teeth are not present. In fig. 4 the length of the 
toothed portion is 1 line, and of the projection ? line; fig. 5 is 
14 line in length; and fig. 6 is Z line. 

This is a very abundant form, and shows a good deal of variation 
in different examples. 


ARABELLITES CRISTATUS, Hinde. (Pl. XIX. fig. 7.) 


Jaw crescentiform, with but a short angular projection, the front 
edge curved upwards, surface concave; on the upper border are 
eleven distinct elevated teeth, the first two of which are smaller 
and not in plane with the others. Length # line. 
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ARABELLITES CERVICORNIS, Hinde. (Pl. XIX. figs. 8 & 12.) 


Jaws very variable in form, sometimes crescentiform, with a short 
angular extension in front, at other times elongated and extended 
below the middle of the jaw; in front there are from two to three 
relatively large divergent teeth, followed by a series of from four to 
seven minute acute teeth. Length 3 line. 


ARABELLITES PECTINATUS, Hinde. (Pl. XIX. fig. 11.) 


Jaw rudely triangular, the front portion rounded, pointed poste- 
riorly, the sides meet below to form a short blunted extension nearly 
below the centre of the jaw; the upper border slightly arched, and 
carrying about fifteen small teeth, those in front rounded and up- 
right, the others acute and directed backwards. Length 3 line. 


ARABELLITES CRENULATUS, Hinde. (Pl. XIX. fig. 9.) 


Main portion of jaw nearly straight, flattened, and gradually 
tapering; in front is a short blunted rod-like extension at right 
angles to the toothed part of the jaw, which carries eight stout 
teeth, the first of which is small and claw-shaped, the others tri- 
angular and acute. Length ? line. Abundant. 


ARABELLITES QUADRATUS, Hinde. (Pl. XIX. fig. 14.) 


Jaw composed of a nearly square, slightly convex plate, with a 
blunted rod-like appendage projecting obliquely from one of the 
lower angles; on the upper, nearly straight, edge of the plate is a 
series of about fifteen small, subequal, rounded teeth or crenulations, 
whilst just below the upper edge, on what appears to be the posterior 
side, there 1s a small spur-like tooth projecting obliquely. Length 
of the toothed edge ? line. 

This is a very abundant species, and generally very regular in 
form, though varying considerably in size, some examples being 
nearly as large again as the specimen figured. 


ARABELLITES SCUTELLATUS, Hinde. (Pl. XIX. fig. 16.) 


Upper portion of the jaw subquadrate, with a prolonged, gradually 
narrowing base; surface slightly convex, with a very prominent pro- 
tuberance at the lower posterior angle: the nearly straight upper 
border carries eleven teeth, of which the first is pointed, somewhat 
longer than the rest, and projects outwards; the others are subequal 
rounded teeth. Length and width each about 3 line. Abundant. 


ARABELLITES? oBLIgUUS, Hinde. (Pl. XIX. fig. 15.) 


Jaw composed of a comparatively thick, obliquely semioval, concave 
plate ; the lower rounded edge is slightly elevated, the straight upper 
border has about fifteen small rounded subequal teeth or crenulations. 
Length 7 line, width 3 line. 
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Genus Lumpriconrererirss, Ehlers, 1868. 


Lumbriconereites, Ehlers, Paleeontographica, Band xvi. p. 159. 


Ehlers based this genus on the resemblance of some fossil Annelids 
in the Solenhofen shales to those of the existing genus Lumbri- 
conerets. In his specimens only the lower jaws appear to have been 
recognizable, whilst my own examples, which I propose to place 
under this genus, resemble the principal jaw-plate in the upper jaw ; 
they are not unlike the corresponding plate in the jaws of Hunicites, 
but possess a well-defined basal flange or extension. 


LUMBRICONEREITES DAcTYLoDuS, Hinde. (Pl. XVIII. fig. 20.) 


Jaw oblong, straight, and nearly of uniform width, in the central 
portion a well-marked protuberance ; at the front end are four curved 
rounded teeth bent upwards and inwards, whilst on a slightly ele- 
vated ridge, which springs obliquely from the basal flange, is a series of 
eighteen small rounded teeth. Length nearly 23 lines, width #? line. 


Guycrritrs, Hinde. 


Jaws consisting of a simple curved hook with a wide base, without 
smaller teeth, resembling those of the existing genus Glycera. 


GiycERitEs sutcatus, Hinde. (PI. XIX. fig. 1.) 


Jaw oblong, relatively wide and convex, obliquely truncate; from 
the truncated end a deep longitudinal furrow extends nearly to the 
front, where it opens into a cavity which extends below the hook ; 
this is stout, slightly curved, and somewhat bent inwards. Length 
1 line, nearly 3 line in width. . 

This is a very abundant form, and very distinctly marked by the 
deep subcentral furrow. 


GLYCERITES SULCATUS, var. EXcAVATUS. (Pl. XIX. fig. 10.) 


The hooked portion in this jaw closely resembles that just de- 
scribed, but the posterior end is relatively wider and hollowed out, 
and instead of the central furrow there is a deep groove which ex- 
tends round the inner edge of the main portion of the jaw. Length 
1 line, width 3 line. 

This variety is also comparatively abundant in the same localities 
with G. sulcatus. 

In addition to the above, there are some aberrant forms which I 
am unable to place under any of the known genera of Annelids 
which have come under my notice. I have figured three examples 
on Pl. XIX. figs. 17, 18, and 20, and append short descriptions of 
each. 

Fig. 17 is a straight, nearly linear, form, with ten upright teeth, 
very unequal in size; four of these are very prominent and nearly 
triangular in form. ‘Total length 1 line. 

Fig. 18 is small, narrow, and slightly convex, the front portion 
conyex, rounded, and with a small tooth; the jaw posteriorly is thin 
and flattened, and has seyen minute blunted teeth. Length 3 line, 
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Fig. 20. Upper portion of jaw oblong and flattened, with six 
faintly marked crenulations; this part extends downwards, forming 
a flattened prolongation, first at right angles, and then nearly parallel 
to the upper part. 


II. Annelid Jaws from the Clinton and Niagara Groups (Silurian), 


So far as my researches have extended, these minute jaws are not 
so widely distributed in the Silurian strata in Canada as in the lower 
strata of the Cambro-Silurian ; but they appear to be abundant in 
the single locality in which they make their appearance. They are 
for the most part closely related to the species already described, 
whilst three forms—LHunicites major, Gnonites inequalis, and Gno- 
mites cuneatus—occur in these as well as in the lower rocks. The 
beds yielding these fossils are shown in the same escarpment—the 
Clinton strata in the lower portion, and about 200 feet higher the 
bituminous shaly bed of the Niagara, these two rock divisions being 
only separated by an arbitrary line in this part of Canada. As all 
the forms described are from Dundas, Ontario, I need only mention 
after the description of each the particular division from which it 
came. 


EVNICITES CLINTONENSIS, Hinde. (Pl. XIX. fig. 21.) 


Jaw elongated, narrow, with a blunted posterior termination, the 
anterior portion elevated and slightly curved inwards, the two 
front teeth rounded and somewhat larger than the rest, followed 
by a series of about fifteen teeth, gradually diminishing in size 
towards the extremity of the jaw; the first two in the series are 
rounded, all the rest are acutely pointed and directed backwards. 
Length 1 line, width + line. 

This form is closely allied to #. perdentatus, from which it may 
be distinguished by its more robust proportions and possessing fewer 
teeth, though nearly double the size. Abundant. 

Clinton formation. 


EUNICITES CoRONATUS, Hinde. (Pl. XX. fig. 9.) 


Jaw somewhat semielliptical in outline and strongly arched, 
blunted at both ends, and having on the upper border about twelve 
rounded teeth, of which the first five are subequal, and the others 
gradually diminish in size. Length # line, depth nearly 2 line, 
Abundant. 

Clinton formation. 


EvnicirEs cuiromorraus, Hinde. (Pl. XX. fig. 10.) 


Jaw forming a triangular plate, with one end pointed and strongly 
incuryed ; beginning at the opposite end there is first on the upper 
border a series of five very large blunted upright teeth, and succeed- 
ing these are five very small teeth or crenulations, Length 3 line, 
width 3 line. 

Clinton formation, 
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Cinonrres ampius, Hinde. (PI. XIX. fig. 23.) 


Jaw elongated, nearly straight and flat, relatively wide, and 
blunted posteriorly; the anterior tooth is partly wanting in the 
specimen, but it appears to have been slightly curved and larger 
than the others. Following the first are seven prominent, acutely 
pointed, conical teeth, and these are succeeded by another series of 
similarly shaped, but very minute, teeth. Length % line, and line 
wide. 

Clinton formation. 


CinonirEs FRAGILIS, Hinde. (Pl. XX. fig. 3.) 

Jaw oblong, short, truncate, and flattened, with a furrow just 
below the toothed edge in the posterior half of the jaw; the first six 
teeth are blunted and subequal, followed by six minute teeth. 
Length ? line, about } line in width. 

Though this example differs from the more typical forms of the 
genus in the absence of a larger tooth or hook in front, in other 
respects it appears to resemble this genus in possessing a flattened 
surface and truncated extremity with the usual furrow. 

Clinton formation. 


CENONITES ? INFREQUENS, Hinde. (Pl. XX. fig. 2.) 


Jaw elongated, relatively wide, and shghtly concave, with the 
posterior extremity blunted; the front tooth or hook, which has 
been partly broken off in the specimen, appears to have been nearly 
upright; on the straight upper edge of the jaw are about twenty- 
five, very minute, conical, upright teeth. Length 17 line, and } line 
wide. 

Though this form differs considerably from the typical species of 
this genus, it appears more closely related to it than to Hwnicites. 

Niagara formation. 


ARABELLITES ELEGANS, Hinde. (Pl. XX. figs. 5 & 7.) 


Jaw flattened, widest in the central portion, with a small protu- 
berance below, a similar one at the narrow posterior extremity, and 
a depressed groove below the toothed edge; a large and slightly 
curved hook in front, and about eleven teeth on the crest of the 
main portion, the first six of which are pointed and subequal, the 
others very minute and blunted. Length 2 line, greatest width 
z line. In the same beds is a much smaller form with only six 
minute, scarcely discernible, teeth, and the anterior hook in propor- 
tion. Length of this example 2 line. 

This species is closely related to A. cornutus from the Cincinnati 
group ; but the hook is less proportionately developed, and the jaw 
itself is of very much smaller dimensions. 

Clinton formation. 


ARABELLITES stuItis, Hinde. (Pl. XX. fig. 8.) 
Jaw very minute, somewhat triangular in form, the pointed ex- 
tremity nearly below the centre of the jaw, the upper border slight ly 
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arched and carrying ten minute teeth, of which the first two are 
pointed and divergent, the others rounded. Length 3 line. 
This species closely resembles A. pectinatus from the Cincinnati 
formation, but it is not so elongated and has fewer denticulations. 
Niagara formation. 


LuUMBRICONEREITES BASALIS, Hinde. (Pl. XIX. fig. 22.) 


Jaw with a long, narrow, curved ridge, supported on a wide 
triangular basal flange; the first tooth is long and nearly horizontal, 
and apparently forms the commencement of the ridge; on the summit 
of the ridge there are seventeen, blunted, roughly triangular denti- 
culations unequal in size. Length 13 line; width, including the 
flange, 2? line. 

Not uncommon, though perfect specimens are rarely met with. 

Clinton formation. 


LUMBRICONEREITES TRIANGULARIS, Hinde. (Pl. XX. fig. 4.) 


Jaw consisting of a flattened triangular basal plate with a very 
narrow vertical ridge; at the anterior end of the basal plate there 
are two incurved blunted teeth, whilst the ridge supports a series of 
eighteen blunted rounded teeth. Length 13 line, width 3 line. 

This species is closely related to L. dactylodus, but differs there- 
from in the angular outline of the front basal flange. 

Clinton formation. 


LUMBRICONEREITES ARMATUS, Hinde. (PI. XX. fig. 6.) 


Jaw consisting of a very narrow, vertical, slightly curved ridge, 
supported by a very wide, somewhat concave, horizontal basal flange, 
having in front a very prominent claw-shaped tooth, which is nearly 
in the same plane with the flange itself. On the vertical ridge there 
are nine sharp-pointed teeth, obliquely directed towards the posterior 
end of the jaw. Length 12 line, width 2 line. 

' I have only met with a single example of this clearly marked 
species. 

Clinton formation. 


STAUROCEPHALITES, Hinde, 


Jaws of more or less elongated, compressed, denticulate plates, 
resembling those of the existing genus Staurocephalus, Grube. Of 
this 1 have met with only one species. 


STAUROCEPHALITES NIAGARENSIS, Hinde. (Pl. XX. fig. 1.) 


Jaw oblong, the front border slightly curved and extending 
obliquely downwards, the posterior end rounded; on the upper edge 
of the plate is a series of sixteen very minute pointed teeth, of which 
the first is slightly larger than the others, and all are uniformly di- 
rected backwards. Length 3 line, about 4 line wide. 

This minute jaw is very abundant, but appears to be restricted to 
the dark shales of the Niagara formation. 


Q.J.G.8. No. 139. 25 
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GLYCERITES CALCEOLUS, Hinde. (Pl. XX. fig. 11.) 


Jaw somewhat triangular, gradually widening to the truncated 
posterior end; in front a broad, slightly curved, flattened hook; the 
central portion is depressed, concave, and passes into a hollow be- 
neath the hook. Length 2 line, width 3 line. 

This is closely allied to G. sulcatus, but is much smaller, and has 
a shorter and less curved hook and a greater central depression. 

Clinton formation. 


Ill. Annelid Jaws from the Hamilton Group of the 
Middle Devonian. 


My specimens from this formation have all been found in two or 
three small slabs of rocks exposed in the bed of the Riviére au Sable, 
Ontario. Judging from_the variety of the specimens it would appear 
that these animals must have been very numerous in this as well as 
in the lower.formations. One species, Arabellites similis, is present 
in this as well as in the Niagara formation, and some of the other 
_ forms are closely allied to those already described. 


Evunictres? ALVEOLATUS, Hinde. (Pl. XX. figs. 14, 15.) 


Jaw composed of a simple, nearly straight, depressed convex, 
hollow tube, bluntly pointed in front. Fig. 14 is 1 line in length 
and i line wide ; fig. 15 is only 3 line long and { line wide. 

I am doubtful whether these forms may be regarded as modified 
pincers, and place them provisionally under the above genus. 


Evnicrres tumipus, Hinde. (Pl. XX. fig. 16.) 


Jaw somewhat triangular in form and convex, the front nearly 
straight and extended downwards to a point, the posterior portion 
rounded ; on the nearly straight upper border are three or four 
blunted cusp-like teeth, with as many intermediate smaller ones. 
Length 3 line, nearly the same in width. 


Evnicrites patmatus, Hinde. (Pl. XX. fig. 17.) 


Jaw formed of a nearly flat, subquadrate plate, traversed longi- 
tudinally by a slightly elevated ridge, with a small spur-like termi- 
nation in the middle of the front side; on the upper border are six, 
relatively large, conical, upright teeth. Length 4 line, width 2 line. 


Eunicires wanvs, Hinde. (Pl. XX. fig. 18.) 


Jaw formed of a very minute, obliquely semioval, slightly convex 
plate, having on the upper edge a series of about ten very small 
pointed teeth, of which the first two are more prominent than the 
rest. Length 2 line, 3 line wide. 


Cinontres compactus, Hinde. (Pl. XX. fig. 18.) 


Jaw somewhat triangular, compressed, widest beneath the central 
portion, the lower border slightly elevated; a moderately stout, 
slightly curved hook in front, and on the gently arched upper 
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edge thirteen, subequal, blunted, minute teeth. Length ? line, 
width 2 line. 


ARABELLITES PoLITus, Hinde. (Pl. XX. fig. 19.) 


Jaw consisting of a nearly flat plate, the front portion rounded 
and extending below obliquely to a point, the posterior extremity 
slightly truncate ; on the sloping upper edge is a series of twelve 
pointed teeth, the first of which, though not larger, is opposed in 
direction to the rest and slightly claw-shaped. Length of the 
toothed border 3 line, and from the summit to the point 4 line. 


ARABELLITES SIMILIS, Var. ARCUATUS. (PI. XX. fig. 20.) 


In the Hamilton group there are comparatively numerous spcci- 
mens which I am unable to distinguish from <A. similis from the 
Niagara formation; but in addition to these there are certain ex- 
amples which show differences which may entitle them to be sepa- 
rated as a variety from that form. In the specimen taken as a type 
of this variety the jaw is crescentiform and slightly concave, the 
upper border arched and with about fourteen small teeth, of which 
the third is larger and more upright than the others. About 3 line 
in length. 

It is amore arched form than A. similis, and has a greater number 
of denticulations. 


Genus Nererpavvs, Grinnell. 


Nereidavus, American Journal of Science, Sept. 1877, p. 229. 


This genus was proposed by the author for fossil jaws resembling 
those of the existing genus Nereis. I have only found one example 
which, in my opinion, can be placed in the genus. 


NEREIDAVUS soLITaRIus, Hinde. (Pl. XX. fig. 12.) 


Jaw compressed and relatively wide; at the truncated posterior 
end of the jaw is a small concave portion which is distinctly marked 
off from the rest of the jaw by a transverse ridge; in front is a 
prominent tooth directed forward and slightly out of plane with the 
rest of the jaw, and on the upper border are ten small, blunted, 
nearly upright, triangular teeth, followed by numerous very minute 
crenulations. Length 14 line, greatest width 2 line. 

The forward inclination of the anterior tooth and the marked off 
portion at the extremity of the jaw, which may have served for a 
muscular attachment, lead me to think that this may have been one 
of a pair of jaws carried in the front of the head like those of Nereis ; 
in all the examples of that genus, however, which I have seen, the 
smaller denticulations are directed forward towards the larger tooth, 
whereas in this fossil example they are nearly upright. As a rule, 
too, the smaller teeth in Nereis are fewer in number than in this 
example ; but this is a feature very liable to variation. 

252 
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IV. Annelid Jaws from the Lower Carboniferous of Scotland. 


The specimens which I have collected from the above formation are 
so few and, for the most part, so fragmentary, that it would have been 
hardly worth while to mention them but for the consideration that 
such objects have not, to my knowledge, been previously noticed in 
any formation in this country, and, further, that not only do they 
appear in strata of more recent age than those in which I have 
met with them in America, but they also show a close relationship 
to those jaws which come from the Cambro-Silurian formation. The 
paucity of my collection is due to the fact of its having been the 
result of only two days’ search in two or three adjoining quarries in one 
locality ; but, judging from the variety of small detached fragments, 
it is not improbable that a search specially made for these minute re- 
mains will show that they are as abundant in Britain as in Canada. 
The shaly limestone in which the specimens were imbedded does not 
appear so favourable for preserving them as the more arenaceous de- 
posits; but they have, when not too much weathered, the same black 
glistening appearance, and are in a similarly detached condition. 

I am only able, from the fragmentary state of the fossils, to 
give descriptions of four jaws, three of which I include in one 
species of the genus Hunicites, and one belongs to the generally dis- 
tributed genus Arabellites. All the examples are from limestone 
quarries at Cults, in Fifeshire. 


EUNICITES AFFINIS, Hinde, (Pl, XX. figs. 21, 22, 23.) 


The imperfect specimen (fig. 21) consists of the front portion, with 
two upright blunted teeth, of a jaw apparently resembling that of 
EHunicites major from the Cincinnati group. ‘The length of the frag- 
ment is 13 line, and its width ? line. 

Fig. 22 is a simple elongated jaw with a short curved tooth, the 
posterior portion expanded and flattened, whilst the narrow part is 
angular in section. Length 13 line. 

‘This appears to be one of the paired pincers of Humicites; it is 
similar to the form described as HL. simplex, also from the Cincinnati 
group; but the hook is shorter and more strongly curved, and the 
extremity is more compressed. 

Fig. 23 is a small, compressed, oblong plate with five rounded teeth, 
of which the first is curved and projects outwards, and the other four 
are short, straight, and subequal. It may be a portion of a jaw 
belonging to Hunicites ; from its occurrence in close proximity with 
the simple hook, fig. 22, it is not unlikely to have been from the same 
Annelid as that specimen. 


ARABELLITES scoticus, Hinde. (Pl. XX. fig. 24.) 


Jaw crescentiform, concave, rounded in front, the posterior blunted 
end somewhat truncate. On the arched crest eight teeth can be 
distinguished, of which the first is considerably longer than the rest ; 
but as this and the following two have been partially crushed, their 
original form cannot be satisfactorily ascertained, The smaller teeth 
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are blunted and directed backwards. Length of the crest 1} line, 
from the large tooth to the point below ? line. 

This species is allied to A. lunatus (Pl. XIX. fig. 5), but differs 
therefrom in being wider and truncate, as well as in the form of 
the teeth. 


Summary. 


In the preceding pages I have described 55 different forms of 
jaws, of which there are 33 from the Cincinnati group, 13 from 
the Niagara and Clinton group, 7 from the Hamilton group, of the 
Canadian rocks, and 2 from the Lower Carboniferous in Scotland. 
The respective numbers included under the different genera are as 
follows :—Hunicites 14 forms, Ginonites 10, Arabellites 19, Stauro- 
cephalites 1, Lumbriconereites 4, Nereidavus 1, Glycerites 3, whilst 3 
forms are not referred to any genus. Of many of the forms there 
are numerous examples, whilst others are represented only as single 
specimens. Whilst there is thus shown a predominance of forms 
belonging to. the genera Hunicites, Gnonites, and Arabellites (on 
account of the number and variety of the different jaws in the 
individuals of these genera, which renders the work of classification 
to a certain extent doubtful), no definite conclusions can be drawn as 
to the relative abundance of the different genera. It is quite possi- 
ble that the number of species represented may be less than half the 
number of forms to which I have given names and descriptions, and 
they will therefore have to be accepted more for paleontological 
reference than as indicating so many separate species of these 
Annelids. It is possible that future discovery will bring to light 
some of these fossil Annelids with their jaw-plates in their respec- 
tive positions, which will enable many of the forms described to be 
placed under a single species ; in the mean time I have thought that it 
would be of interest to geologists to show, what had previously been 
inferred from the trails and markings, that Errant Annelids were 
very abundant in the Paleozoic rocks, and that, judging from their 
jaws, many of them were closely related to existing forms. 


EXPLANATION OF THE PLATHS. 
Puate XVIII. 


Fossil Annelid Jaws from the Cincinnati Group. 
Hig. 1. Hunicites major, H.: * 3. Toronto. 
3 


2, varians, Grinnell: * 6. Toronto. 
4. contortus, H.: * 8. Toronto. 

os varians, Grinnell: x 3%. Toronto. 
6. perdentatus, H.: X 15. Toronto. 
7. (Enonites curvidens, H.: * 15. Toronto. 
8. inequalis, H.: * 13. Toronto. 

9. serratus, H.: x 12. Toronto. 

10. rostratus, H.: * 15. Toronto. 

We cuncatus, H.: x 16. Toronto. 


12. Arabellites hamatus, H.: * 20. Toronto 
cornutus, HW.: * 12. Toronto. 


Fig. 
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. Arabellites cornutus, H.: x 10. Toronto. 


——, H.: X 5. Toronto. 


. —— ovalis, H.: X10. Toronto. 


ascialis, H.: X 18. Toronto. 
rectus, H.: * 5. Toronto. 


. —— cuspidatus, H.: X 7. Toronto. 
. Lumbriconereites dactylodus, H.: x 6. Toronto. 


Arabellites gibbosus, H.: xX 10. Toronto. 


Puate XIX. 


From the Cincinnati Group. 


. Glycerites sulcatus, H.: <x 13. Toronto. 
. Hunicites simplex, H.: x 13. Toronto. 


—— gracilis, H.: x 14. Toronto. 


. Arabellites lunatus, H.: * 18. Toronto. 


,H.: x 10. Toronto. 
, H.: < 12. Toronto. 


. ——- eristatus, H.: X 13. Toronto. 


cervicormis, H.: * 14. Toronto. 
crenulatus, H.: <x 14. Toronto. 


. Glycerites sulcatus, var. excavatus: X 15. Toronto. 
. Arabellites pectinatus, H.: X 16. ‘Toronto. 


cervicornis, H.: <X 14. Toronto. 


. Hunicites? digitatus, H.: X 12. Toronto. 
. Arabellites quadratus, H.: X 15. Toronto. 


? obliquus, H.: X 11. Toronto, 
scutellatus, H.: < 16. Toronto. 


. Sp.ind.: x 14. Toronto. 


x 12. Toronto. 


. nonites? carinatus, H.: Xx 14. Toronto. 
. Sp. ind.: x 15. Toronto. 


From the Clinton and Niagara Groups. 


. Eunicites clintonensis, H.: x 13. Dundas, Ontario. (Chnton.) 
. Lumbriconereites basalis, H.: x 10. Dundas. (Clinton.) 
. Hnonites amplus,H.: x 14. Dundas. (Clinton.) 


PLATE XX. 


. Staurocephalites niagarensis, H.: x 14. Dundas. (Niagara.) 


(Hnonites? infrequens, H.: X 14. Dundas. (Niagara.) 
fragilis, H.: x 14. Dundas. (Clinton.) 


. Lumbriconereites triangularis, H.: X 10. Dundas. (Clinton.) 


Arabellites elegans, H.: X 15. Dundas. (Clinton.) 
Inunbriconerettes armatus, H.: X 10. Dundas. (Clinton.) 


. Arabellites elegans, H.: X 14. Dundas. (Clinton.) 


similis, H.: * 17. Dundas, Ontario. (Niagara.) 


. Hunicites coronatus, H.: x 14. Dundas. (Clinton.) 


—— chiromorphus, H.: * 12. Dundas. (Clinton.) 


. Glycerites calceolus, H.: * 18. Dundas. (Clinton.) 
. Nercidavus solitarius, H.: * 15. Riviere au Sable, Ontario. 


(Hamilton. ) 


. Enonites compactus, H.: x 14. Riviere au Sable. (Hamilton.) 


15. Eunicites? alveolatus, H.: X 15. Riviére au Sable. (Hamil- 
ton.) 


. —— twmidus, H.: X 13. Riviere au Sable. (Hamilton.) 
% 
18. 


-—— pilmatus, H.: * 15. Riviere au Sable. (Hamilton.) 
—— nanus, H.: * 15. Riviére au Sable. (Hamilton.) 


Quart. Journ. Geol. Soc. Vol. XXXV. P1. XVII. 


x15 


FOSSIL ANNELID JAWS. 
Mintern Bros lith. 


Quart. Journ. Geol. Soc. Vol. XXXV. PI1.XIX. 


x15 


. FOSSIL ANNELID JAWS. 
Mintern Bros lith. 
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Mintern Bros hth. 
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Fig. 19. Arabellites politus, H.: x 15. Kiviére au Sable. (Hamilton). 
20. similis, var. arcuatus: < 18.. Krom the Lower Carboni- 
ferous of Scotland. Riviére au Sable. (Hamilton.) 
21, 22,23. Hunicites affinis, H. Cwlts, Fifeshire. (Lower Carboni- 
ferous. ) 
24. Arabellites scoticus, H.: x 1C. Cults, Fifeshire. (Lower Car- 
boniferous.) 


Discussion. 


Dr. Woopwarp expressed his admiration of the labour and re- 
search displayed in these papers. He was satisfied that the conclu- 
sions as regards the Annelid jaws were correct ; but that the Cono- 
donuts belonged to Myxinoid fishes, he thought was more doubtful, 
and he suggested that they might possibly be the lingual armature 
of Nudibranchs. Though some of the Annelid jaws were not unlike 
the maxillipeds of Crustacea, the Conodonts had no such resemblance. 

Dr. Hicxs asked if the author had examined earlier formations 
than the Chazy and Cincinnati groups for remains of this character ; 
for Annelids were very abundant in the Cambrian epoch, though 
they had apparently left no remains in the form of jaws. 

Rev. J. F. Braxn said he had a fossil impression of an Annelid 
from the Ludlow rocks near Llandovery. 

Mr. Hinve said he had not found remains earlier than in the rocks 
which he had described. 


390 J. A. PHILLIPS ON MINERAL VEINS. 


31. A-Conrrisution to the History of Minprat VErnNs. 
By J. Artnur Puitiips, Ksq., F.G.S. (Read April 30, 1879.) 


Cerrar districts in California are remarkable for their hot springs ; 
and in some of the counties included between the 38th and 40th 
parallels, and consequently north of the city of San Francisco, 
sources of this description are of such frequent occurrence that, 
when viewed from elevated ground, almost every valley is seen to 
be more or less occupied by wreaths of steam rising from a flow of 
highly heated waters. 

The vents giving issue to these heated waters usually evolve 
carbonic acid, which is frequently accompanied by various sulphurous 
gases; such waters are generally alkaline, containing carbonate 
and sulphate of sodium, as well as, occasionally, alkaline borates. 
They generally give rise to abundant local incrustations of either 
silica or calcite, usually more or less mixed with free sulphur. 
These deposits of sinter often extend, in nearly horizontal layers, 
to a considerable distance from the orifices from which the waters 
issue. 

When water is ejected from such vents in the form of steam and 
spray only, while gases are abundantly given off and large amounts 
of sulphur deposited, the aperture becomes a solfatara. 

One of the largest known deposits of sulphur in California occurs 
in Lake County, a mile beyond the ridge which bounds Borax Lake 
on its north-eastern side, and is many acres in extent. This ‘‘ Sul- 
phur Bank,” as it is called, is composed of a much decomposed 
volcanic rock, traversed by numerous fissures, from which gases, 
steam, and water, either in the form of spray or of vapour, constantly 
issue; and upon and throughout the entire mass sulphur has been 
deposited in such large quantities that, at a short distance, the whole 
appears to consist of that substance. In the immediate neighbourhood 
of this solfatara are springs which give off carbonic acid, and of 
which the waters contain carbonates of sodium and of ammonium, 
chloride of sodium, borax, &e. 

The sulphur from this locality always contains a small amount 
of mercury in the form of cinnabar, and the sides of the fissures in 
the volcanic rock through which the gases and water make their 
escape are sometimes coated with gelatinous silica, beneath which is 
a layer of chalcedony resting upon a stratum of crystalline quartz. 
This siliceous deposit frequently contains pyrites and a notable per- 
centage of cinnabar, or is stained by a tarry hydrocarbon ; while the 
crystals of quartz often enclose liquid-cavities in which the usual 
bubbles are distinctly visible. 

In the year 1866 I visited Borax Lake and the neighbouring 
Sulphur Bank in company with Mr. R. Oxland, of Plymouth, who 
was the first to call attention to the presence of cinnabar in the 
sulphur from this locality ; and in 1868 I published, in the ‘ Philo- 
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sophical Magazine,’ a paper advocating the probability of certain 
mineral deposits having been the result of hydrothermal or solfataric 
action *, 

For some years subsequent to my visit this solfatara was worked 
as a source of sulphur only; but during these operations so large 
an amount of cinnabar was discovered, both in the decomposed 
basaltic rock and in the Cretaceous strata through which it has been 
erupted, as ultimately to lead to the opening up of the cooler por- 
tions of the Sulphur Bank as a mercury-mine. This has long 
yielded large quantities of quicksilver, and affords a striking and 
instructive example of a recently formed mineral deposit resulting 
from agencies still somewhat actively in operation; on the table 
before me will be found not only specimens of this cinnabar but 
also a specimen of a thin section of recently formed quartz from the 
face of a fissure in the decomposed basaltic rock. 

Many years since, Mr. Oxland found a notable amount of silver 
in the sinter-like deposit from a hot spring in the county of Colusa ; 
and Professor Whitney, previous to 1865, had been shown at Clear 
Lake some peculiar and interesting specimens of water-worn cin- 
nabar enclosing specks of gold, said to have been found near Sul- 
phur Springs in the same county of Colusa‘. 

These, from being water-worn, and from not haying been found 
in situ, had necessarily lost a certain portion of the interest which 
would have otherwise been attached to them; but through the 
kindness of Mr. Melville Attwood, of San Francisco, a Fellow of 
this Society, I am enabled to lay before you this evening a specimen 
of cinnabar from Colusa County, which, having been formed upon 
one of the surfaces of a fissure, has subsequently become covered by 
a brilliant deposit of metallic gold. 

Steamboat Springs, in the State of Nevada, are situated near 
the base of a volcanic hill seven miles, in a direct line, north-west 
of Virginia City and of the famous silver-mines on the Great Com- 
stock lode. 

The rock at this place is traversed by several parallel fissures, 
which either give issue to heated waters or simply throw off clouds 
of steam. The most active group of these crevices comprehends 
five parallel longitudinal openings extending, nearly in a straight 
line, for a distance exceeding a thousand yards; their general 
direction is nearly north and south, and all of them are included 
within a zone two hundred yards in width. These crevices are 
sometimes filled with boiling water which overflows in the form 
of a rivulet; while at others violent ebullition is heard to be taking 
place at a short distance below the surface. 

These fissures are lined with a siliceous incrustation, which is 
being constantly deposited, while a central longitudinal opening 
allows of the escape of gases, steam, and boiling water. The 
water is slightly alkaline, and contains carbonate of sodium, sul- 

* “Notes on the Chemical Geology of the Gold-fields of California,” by J. 


Arthur Phillips, Phil. Mag. 1868, vol. xxxvi. p. 321. 
t Geological Survey of California, vol. i. p. 92. 
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phate of sodium, common salt, &c. Carbonic acid. escapes nearly 
along the whole line; while sulphuretted hydrogen is evolved and 
sulphur deposited at certain points. The fissures, which appear to 
have been subjected to a series of repeated widenings, such as 
would result from an unequal movement of their walls, are lined, 
sometimes to a thickness of several feet, by incrustations of silica 
of various degrees of hydration, containing hydrated ferric oxide 
and, exceptionally, crystals of iron pyrites. This silica exhibits the 
ribbon-like structure so frequently observed in mineral veins, and 
when examined under the microscope is observed to consist of alter- 
nately amorphous and crystalline bands, sometimes enclosing druses 
lined with crystals of quartz. 

At a distance of nearly a mile, in a westerly direction, from the 
locality above described is a second group of fissures In every respect 
similar to those of Steamboat Springs, excepting that they are no 
longer traversed by hot water, although still at various points giving 
off steam and carbonic acid. Towards the southern extremity of 
the principal fissure of this group the siliceous deposit extends con- 
siderably beyond the edges of the cleft, and has accumulated to a 
distance of some ninety yards on each side of the opening. 

The silica of this deposit is sometimes chalcedonic and contains 
nodules of hyalite; by far the larger proportion of it, however, although 
somewhat friable, is distinctly crystalline, the crystals containing 
numerous liquid-cavities and exhibiting the usual optical and other 
characteristics of ordinary quartz. Besides oxides of iron and 
manganese, this quartz contains small quantities of iron and copper 
pyrites; and in a paper on the Gold Regions of California, pub- 
lished in the ‘ Annales des Mines’ in 1863, Mr. Laur states that he 
had found it to contain distinct traces of gold. With regard to these 
deposits, this gentleman remarks that, so far as auriferous quartz 
yeins are concerned, Steamboat Springs appear to place before us a 
sort of practical verification of the theory which regards a certain 
class of metalliferous deposits as being produced by mineral waters 
in the fissures through which they circulate*. 

For many years local attention does not appear to have been 
directed to this portion of the Steamboat Valley; but in the year 
1878 this older fissure was opened by a tunnel to a depth of fifty 
feet from the surface, and the veinstone was there found so im- 
pregnated with cinnabar as to yield large quantities of mercurial 
ore of considerable commercial valuey. At this depth the tem- 
perature was not sufficiently high to cause inconyenience to the 
workmen, and five samples of the ore subjected to assay gave an 
average yield of 2:90 per cent. of mercury. 

Samples taken from the nearly horizontal flats produced by the 
overflow of the water yielded, on the contrary, traces only of that 
metal. 

Steamboat Springs thus afford another striking example of the 


* Annales des Mines, 1863, p. 423. 


t+ Messrs. Humbert, Mining Engineers, San Francisco. Private communi- 
cation. 
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recent formation of a considerable metalliferous deposit by the agency 
of hot springs; and I am, again through the kindness of Mr. Att- 
wood, enabled to lay before the Society a specimen of cinnabar from 
this place. 

In further illustration of the subject I may mention the deposit 
of bright red cinnabar in a brecciated vein-mass near the hot springs 
at Calistoga, at the foot of Mount St. Helena. Here fragments 
of an amorphous siliceous rock are cemented together by crystallized 
quartz showing distinct lines of accretion ; and throughout this minute 
granules of sulphide of mercury are plentifully disseminated. <A 
hand specimen and a thin section of this veinstone are on the table. 

The Great Comstock lode is, as before stated, situate in a volcanic 
district seven miles south-east of Steamboat Springs, has a nearly 
similar orientation, and is enclosed between walls either of propylite 
or of diorite on one side and of propylite on the other. This vein, 
of which the gangue is chiefly siliceous, although calcite is also 
sometimes present, was first attacked by the miner in the year 
1859, and since that time has yielded silver and gold to the esti- 
mated value of above £60,000,000. 

The température of the waters issuing from mines worked upon 
the Comstock lode has always been somewhat high, but it was not 
until they had attained a very considerable depth below the surface 
that the workmen first became inconvenienced by extraordinary heat. 
At their present greatest depth (2660 feet) water issues from the 
rock at a temperature of 157° Fahr. (70° C.); and, according to Prof. 
John A. Church, of Ohio, who has recently published a valuable 
paper on the heat of the Comstock mines, at least 4,200,000 tons of 
water are now annually pumped from the workings at a minimum 
temperature of 135° Fahr.* He also estimates that to elevate 
such a large volume of water from the mean temperature of the 
atmosphere to that which it attains in the mines, would require 
47,700 tons of coal. In addition to this, however, 7859 tons of 
coal would, he calculates, be required to supply the heat absorbed 
by the air which passes along the various shafts and galleries through 
which it is diverted for the purposes of ventilation. It follows, 
therefore, that to develop the total amount of heat necessary to 
raise the water and air circulating in these mines from the mean 
temperature of the atmosphere to that which they respectively 
attain, 55,560 tons of coal or 97,700 cords of firewood would be 
annually required. 

Prof. Church, in his paper, quotes four distinct analyses of waters 
from the Comstock lode taken at different depths; these, as might 
have been anticipated, vary somewhat as to the relative proportions 
of the various substances present; but they contain on an average 
42-62 grains of solid matter to the gallon. Of this amount, 20°74 
grains are calcic sulphate, 12°13 grains carbonate of potassium, 
4°85 grains carbonate of sodium, and °66 grain of chloride of sodium. 


* «The Heat of the Comstock Mines,” by John A. Church, E.M., Professor 
of Mining in the Ohio State University. Presented to the American Institute 
of Mining Engineers at the Chattanooga Meeting, May 1878. 
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In order to ascertain, approximately, to what extent the production 
of the large amount of heat absorbed by the water may be ascribed 
to oxidation of sulphur and iron, the Professor first calculates the 
quantity which would be developed by the oxidation of pyrites 
equivalent to the calcic sulphate in solution. But haying found 
that this amounts to only ;1, part of that required, he subsequently 
seeks another solution for the difficulty, and, without bringing for- 
ward any calculations in support of the hypothesis, attributes this 
enormous development of heat to the kaolinization of felspar con- 
tained in the adjacent rocks. 

If, however, we apply to the kaolinization of felspar for the heat- 
ing of water alone a somewhat similar line of reasoning to that 
adopted by Prof. Church regarding the oxidation of pyrites, we shall 
find that this source of heat is also utterly inadequate to produce the 
effects observed. 

The average proportion of alkalies contained in the rocks of the 
district is 6-40 per cent., while the mean of the published analyses 
gives 11:30 grains of alkalies in 58,373 grains (U.S. gallon) of 
mine-water. It consequently follows that the 4,200,000 tons of 
water annually pumped out of the workings must contain 813 tons 
of alkalies, and that, as these are present in the rocks in the pro- 
portion of 6:40 per cent., the felspar in 12,703 tons of rock must 
be annually kaolinized and the whole of the alkalies removed in 
solution. 

The amount of rock in which the felspar has been kaolinized 
being 12,703 tons, and the number of tons of water pumped out of 


: : 4,200,000 
the mines 4,200,000, it follows that 12,703 
of tons of water heated by each ton of altered rock. 

In order, therefore, that one ton of rock should be enabled to heat 
330 tons of water only 1° Fahr., and if the specific heat of these rocks 
be taken at -1477, which is that of blast-furnace slags, it would re- 
quire to be heated by the kaolinization of its felspar to a temperature 
above that of molten gold. Consequently to raise the water 85°, 
or to a temperature of 135°, at which it issues, the kaolinization 
of the felspar in each ton of rock would require to elevate it to 
an extent we are unable to estimate, since there are no means of 
ascertaining the specific heat of bodies at such enormously high 
temperatures. 

It is therefore evident that the kaolinization of felspar is no 
more than the oxidation of pyrites an adequate cause to account 
for the heat of the Comstock lode; and in the present state of our 
knowledge we cannot regard this phenomenon otherwise than as 
being a last trace of volcanic activity. Prof. Church adduces the 
high temperature of the waters of Steamboat Springs as a proof that 
the rocks of this region are capable of producing sufficient heat to 
raise large quantities of water to the boiling-point; but these springs 
give rise to an evolution of sulphuretted hydrogen and to a depo- 
sition of sulphur, which cannot be results of the decomposition of 


=330 is the number 
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felspar. It is probable that the Comstock lode and the hot springs 
in the Steamboat Valley may have had a somewhat similar origin ; 
but, in the case of the former, volcanic agencies are no longer 
actively in operation, while both sulphur and sinter have long since 
been removed from the surface by denudation. 


Discussion, 


The Presipent remarked upon the interest of the paper in illus- 
trating the method of formation of mineral veins, and asked what 
the author’s opinion was as to the mode in which cinnabar and gold 
were brought up. 

Mr. Baverman said that in the district described by Mr. Phillips 
these phenomena were to be seen perhaps on the largest scale in 
the world. He thought that these deposits of sulphides of volatile 
metals illustrated those in other parts of the world, as at Almaden, 
in Spain. There the cinnabar occurred in a pit which was almost 
vertical, and might be described as a siliceous sponge infiltrated 
with cinnabar. At the Solfatara, Naples, sulphides of arsenic oc- 
curred in the same way ; and at Mieres, in Leon, arsenic and mercury 
were extracted from the same deposit. In these deposits also we 
had gold, probably reduced from a chloride by sulphide of mercury. 

Mr. Arrwoop corroborated the statements of the author from his 
knowledge of the district. Three years ago the lower workings of 
the Comstock lode, some 2300 feet below the surface, were found to 
be extremely warm, about 100° Fahr.; and at the same time the 
surrounding vein-matter contained only about 1 per cent. of sul- 
phides and about 99 per cent. of silica, showing that the decom- 
position of the sulphides could not produce the greatly increased 
temperature. 

Mr. Tenpron spoke of minesin Brazil where the heat was incon- 
siderable, and said that in those mines the gold was invisible and 
enclosed in either magnetic pyrites, ordinary iron-pyrites, or arse- 
nical pyrites, in the last in the greatest quantity, in the first the 
least ; there was also about 20 per cent. of silver. 

Prof. Jupp recalled the case of the volcano of Volcano, where 
there were many small vents depositing sulphide of arsenic, and at 
night a coloured hydrogen flame could be seen above these vents. 

Prof. Ramsay said he had always held that mineral bodies had 
been deposited from solutions, not sublimations, and inquired if the 
author thought it likely that in the case of the reefs of Australia, 
if they were deep beneath the surface and permeated by water, the 
gold might have been deposited from a state of solution in that 
water. 

Mr. Tenpron said that there was no ore in the joints in the 
clay-slate strata containing the mine he had described, but only in 
the fissure or walls of contact. 

The Aurnor said he had not attempted to explain the chemical 
actions which took place. The purpose of the paper was to show 
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that these processes were now going on, and that silica might erys- 
tallize slowly after deposition. He thought that a volatile mineral 
like cinnabar would be carried over by steam at a not very high 
temperature. He doubted whether silica and gold could be vola- 
tilized at such temperatures ; in most of these vents water in the 
form of spray appeared to be present, and gold and quartz were, 
he thought, brought up in solution by it. The great diffusion of 
the gold might be explained by it and the pyrites being formed pari 
passu. He had neyer been in Australia; but in California he had 
never seen an interstratified gold vein, but they were always 
true veins; and he did not think that quartz veins once formed 
became subsequently impregnated with gold. No vein with gold 
was ever practically of much value unless it had sulphides in it, such 
as pyrites or galena. 
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32. On the Sournerty Exrnnsion of the Hesste BovurpEr-ciay tt 
Lincornsuirr. By A. J. Juxes-Brownez, Esq., B.A., F.G.S. 
(Read March 26, 1879.) 


(Communicated by permission of the Director-General of the 
Geological Survey.) 
ConTENTS. 
Introduction. 
Extension of the Hessle Clay in Hast Lincolnshire. 
Description of the Hessle Beds along the north border of the Fenland. 
The origin and mode of formation of the Hessle Clay. 
The Age and Equivalents of the Hessle Clay. 


Introduction. 
Tur group of beds to which in 1867 Messrs. Wood and Rome 
gave the name of Hessle Sand and Clay * have recently been in- 
vested with much greater interest and importance than was originally 
attached to them by these geologists when they first separated 
them from the other glacial deposits and described their mode of 
occurrence in the typical district of Holderness. 

In a communication to the ‘ Geological Magazine’ for 1872+, 
Mr. Searles Wood, jun., states that he and Mr. Rome, subsequently to 
the publication of their joint paper, ‘‘ traced an Upper Boulder-clay 
and underlying sand through the Vale of York into that of the Tees, 
which seemed to be a continuation of the Hessle Clay and Sand.” 
They noticed that the thickness of the clay was greater in the north 
than along the Holderness coast, and stated that they had reason 
for thinking the same beds extended into Cumberland and even into 
Scotland. 

The same authors had, in 1870, suggested the possibility that this 
sand and clay might correspond with the middle and upper members 
of the glacial series in the north-west of England ; and in his latest 
paper (1878) ¢ we find Mr. 8. Wood expressing his belief that the 
Hessle beds, “‘in the form of a (so called) Middle Sand and Upper 
Boulder-clay with occasional boulders, extend over the lower ground 
intervening between the Pennine chain and the coast in Cumber- 
land, Lancashire, and Cheshire, and reach along the north-west 
coast as far south at least as the north of Carnarvonshire.” He 
remarks upon the similarity of the fauna contained in these Middle 
Sands to that found in the gravel and sand underlying the Hessle 
Clay ; and he speaks of the southerly extension of this deposit in 
the following terms:—‘“ The southern limit of the Hessle Clay 
appears to be at Firsby, on the northern edge of the Lincolnshire Fen ; 
and, so far as I know it, the southern limit of the upper clay of the 
north-west of England appears to he at the same latitude in the 
Menai Straits; but on the eastern side the gravels of the formation 


* Quart. Journ. Geol. Soe, vol. xxiv. p. 146. 


t Geol. Mag, dee, i. vol. ix. p. 175. { Ibid. dee, ii, vol, y. p. 18, 
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carry the submergence a little further south, viz. over the Cam- 
bridgeshire Fen.” 

These last words have reference to another correlation which Mr. 
Wood has attempted to establish between the Hessle Sands and 
certain valley-deposits in the south of England; he has repeatedly 
urged that the Cyrena-brickearths of the Thames valley and the 
older postglacial gravels in Norfolk and Cambridgeshire were of 
the same age as the Hessle beds. 

Dr. J. Geikie * accepts Mr. 8. Wood’s correlations, but looks upon 
the Hessle Clay asa truly glacial deposit ; in the occurrence, therefore, 
of Cyrena fluminalis below this clay he sees a proof that the shell 
‘“‘ which has been usually looked upon as evidence of the postglacial 
age of the deposits in which it occurs did really live in interglacial 
times.” He also regards the older river-gravels in 8.E. England as 
belonging to the same period and therefore of interglacial age. 

Mr. Skertchly likewise adopts these views, and proceeds to argue 
for the great age of some of the Suffolk and Cambridgeshire gravels 
on the ground that there is evidence of their being anterior in date 
to the formation of the Hessle Boulder-clay. 

Since, therefore, the Hessle Clay appears destined to become a 
stratum of reference, by their relation to which the interglacial or 
postglacial age of various other deposits, both in the north and south 
of England, is to be measured, it is of great importance that the 
limits of its extension should be accurately defined, in order that its 
relations to gravels of newer and older date may, if possible, be 
ascertained. 

Now its southern boundary has never been satisfactorily deter- 
mined. Messrs. Wood and Rome, in their original paper, pointed 
out that it extended down to the edge of the marsh land surrounding 
the Wash, and that it might be found to underlie part of this 
ground +, but they did not attempt to trace it beyond Firsby and 
Steeping. 

During the last two years I have been engaged in surveying the 
southern end of the Lincolnshire Wolds and the country bordering 
the northern edge of the Fenland. I first made myself acquainted 
with the character and behaviour of the Hessle Clay between Great 
Steeping and Burgh, and subsequently followed it westward along 
the fen edge, the result of my examination being to convince me 
that not only is the above surmise correct regarding its continuation 
underneath the fen beds, but also that its surface extension stretches 
much further westward and southward than had previously been 
supposed. 

I am now permitted to lay before the Society the observations 
which have led me to this conclusion regarding the southerly 
prolongation of the Hessle Boulder-clay in Lincolnshire, and to 
supplement them with some remarks upon the gravels in this and 
more southern counties which are supposed to belong to the same 
period of time. 


* Great Ice Age, 2nd. edit. p. 379. 
t+ Quart. Journ, Geol. Soc. vol. xxiy. p. 173. 
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§ 1. Hvtension of the Hessle Clay in East Lincolnshire. 


In the first place it will be desirable to identify the Boulder-clay 
in the district examined by me, with the Hessle Clay of the localities 
where the latter is typically developed. Fortunately the well-known 
memoir by Messrs. Wood and Rome renders this an easy task; for 
they have traced the clay southwards through Lincolnshire to the 
mouth of the Steeping valley, where | commenced my survey in 1877. 
The following is their statement regarding the extension of the 
clay in Lincolnshire* :— 

“ At the only spot on the Lincolnshire coast which affords a 
section, namely the low cliff of Cleethorpe, the Hessle clay caps 
the purple; .... From Cleethorpe the Hessle clay extends 
southwards over the belt of undulating ground called ‘The Middle 
Marsh,’ which it envelopes, overlapping the lower part of the 
eastern Wold-slope. It is well shown around Alford, where the 
brick-pits afford good sections, and where it is seen to be overlain 
by 4 or 5 feet of a light-brown silt. ... Four miles south of 
Alford the Wolds terminate, and the East Lincolnshire marsh 
sweeps round to the mouth of the Steeping valley. Fringing that 
marsh and forming a belt between it and the high ground, the 
Hessle clay sweeps round also, and occupies (where it opens on the 
marsh near Firsby) the mouth of the Steeping valley.... The 
southern extension of the Hessle clay beyond the Steeping mouth, 
near the southern extremity of the Wold, is obscure, owing to the 
flat nature of the country.” 

It is its continuation along the borders of this flat fen country that 
I now proceed to indicate. 

From the neighbourhood of Burgh the Boulder-clay dips eastward 
and southward under the soft clays of the Lincolnshire marshland ; 
its surface boundary, indeed, curves round to the 8.W. below Irby, 
Firsby, and Little Steeping; but the clay itself is unquestionably 
prolonged beneath the warp and silt of the fen country to the 
southward ; it is exposed beneath these beds at the bottom of the 
brickyards near Thorpe Culvert Station ; but how far it extends due 
south of this point I have not had any opportunity of ascertaining. 

Returning to the vicinity of Little Steeping, it has been traced 
thence to the 8.W. by Toynton Fenside and Keal Coates to Stickford, 
the course of the Catchwater drain very nearly coinciding with its 
fenward edge, while its northern boundary skirts the high land 
formed by the Kimmeridgian and Neocomian beds between Spilsby 
and Bolingbroke. 

Its westward extension, however, terminates at the mouth of 
the valley in which Bolingbroke its situated; it does not even 
stretch into this valley, but, ceasing to skirt the edge of the fenland, 
it is now prolonged southwards through Stickford and Stickney 
towards Sibsey, forming a narrow ridge or bank which separates the 
two low-lying districts known respectively by the names of West 
Fen and East Fen. 


* Quart. Journ. Geol. Soc. yol, xxiv. p. 152. 
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This sudden change in the direction of the bank-like edge of the 
Hessle Clay is the more remarkable because, throughout the whole 
of its northern extension it clings closely to the edge of the Wolds, 
and runs into the depressions and valleys which furrow their 


eastern slopes. These, as pointed out by Messrs. Wood and Harmer, 


must have been in existence before the Hessle beds were deposited ; 
and I can quite confirm their account of the positions which these 
beds occupy in the Steeping valley, and agree with the main 
inferences deduced from the sections accompanying their paper. 

Seeing, therefore, that the Hessle Clay entered the Fen basin in 
the same manner as it did the Steeping valley, I expected to 
follow its continuation at the same level along the north border of 
the Fenland ; consequently the abrupt termination of its westward 
extension at a point about midway along this border, and its bank- 
like prolongation in a southerly direction, was the more surprising, 
especially as there did not appear to be any reason why it should 
not have extended much further westward. 

To this peculiarity and the possible reasons for it further reference 
will be made in the sequel; but I wish to draw attention to it at 
once as an important and interesting fact. 


§ 2. Description of the Hessle Beds along the North Border 
of the Fenland. 


I now proceed to give some description of the deposit as exhibited 
along the line of country above indicated, commencing near Burgh 
and noting the more important sections which were found in tracing 
the formation westward. 

First, with regard to the Boulder-clay about Burgh, although it 
varies very much in colour and character, and in the proportion of 
chalky material which it contains, I have not found it practicable 
to make any division of it into a newer and older clay. 

Burgh itself stands on an eminence composed of sand and gravel, 
through which wells have been sunk and water reached at a depth 
of about 20 feet. Whether this sand overlies the Boulder-clay or is 
a protruding knob of the Hessle Sand, I could not quite satisfy 
myself, but am inclined to take the latter view, as the clay seemed 
to close in upon it all round, and was visible at several points on 
the lower slopes without any strong springs being given off along 
the line of junction; in colour this Boulder-cluy is greyish, but 
more or less mottled with purplish-brown ; and it contains numerous 
chalk pebbles. 

From descriptions of the clay near Burgh, communicated to them 
by Prof. Judd, Messrs. Wood and Rome concluded that it belonged 
to the chalky basement clay of their coast section *; but I am in- 
clined to think that it is only a local form of the Hessle Clay. The 
latter presents itself with normal characters at a large gravel-pit 
less than a mile west of the town. There is a continuity of Boulder- 
clay land between this point and the places where a more chalky 

* Quart. Journ. Geol, Soc. yol. xxiv. p. 184. 
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clay is seen; and it did not seem possible to draw any line of 
separation between them. 

Nevertheless it is a fact that the Boulder-clay underlying the 
marsh-land east of Burgh is of a marly and chalky nature, according 
to the accounts given by persons acquainted with it. At the brick- 
yard on the Skegness road, I was informed that below the marsh 
clays, at a depth of about 14 feet, they came to ‘“ greyish white 
clay with chalk stones,” into which they had dug 5 feet, but did 
not know how much deeper it extended. 

At Croft brickyard, nearly a mile and a half to the southward, it 
hes at a depth of 18 feet, and is described as ‘‘ yellowish marly 
clay with white chalk pebbles.” Nearer Burgh, at Mr. Bland’s 
farm, marly clay was met with in sinking the well at a depth of 
about 6 feet ; and passing through this they found gravel and sand 
below, obtaining a supply of water at 12 feet. 

This marly clay therefore can hardly be the great Chalky Boulder- 
clay of Mr. Searles Wood, but is probably a continuation of the 
clay seen in the gravel-pits between Burgh and Bratoft. When this 
is pumped clear of water the following section is exposed :— 


feet 
Soil and purplish “‘marl” or clay .............-2.0208- 3 to 6 
Sand with some stony layers ............eeececeeeecen eee 6 to 4 
Bed of gravel and stones, resting on a floor of marly 
clay similar to the topmost bed ...........sceesse0 3 to 2 
12 


From information obtained on the spot it would appear that the 
gravel and sand form a lenticular deposit in the Boulder-clay. 
Several large boulders of basalt were thrown out, and were said to 
have come from the upper clay. The stones in the gravel were mostly 
chalk and flint; but I noticed also pebbles of red chalk, Neocomian 
sandstone, quartzite, and shelly limestone. 

Mammalian bones are found in some abundance at the bottom of 
the gravel; and I have to thank Mr. Jabez Good, of Burgh, for trans- 
mitting those in his possession to Jermyn Street for examination. 

They were determined by Mr. EK. T. Newton to belong to Hlephas 
antiquus, Rhinoceros leptorhinus, and a Bos or Bison. 

At Bratoft another patch of sand comes to the surface, and the 
Boulder-clay around appears to vary much in thickness. At Irby, 
gravel has been dug from a similar patch; and between Irby and 
Firsby a small pit was opened in 1877, one face of which showed a 
somewhat confused section of grayel, sand, and Boulder-clay inter- 
bedded with one another; but the gravel passed under the clay in 
other parts of the pit. 

South of Irby and Firsby the Hessle beds sink under the clays 
and silts of the fen; but as the latter are nowhere very thick, the 
Boulder-clay is touched in several brickyards: thus about a mile 
8.S.E. of Irby marly Boulder-clay is found at a depth of 1043 feet ; 
its thickness here is not more than 10 feet; and there is sand beneath 
it from which a water-supply is obtained. 
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The clay here is said to be very marly and full of chalk stones, 
but that below the fen clay, in another brickyard one mile south of 
the above, is a red clay with some stones but few chalk pebbles, 
according to the information given me by Mr. Warth, the owner of 
the brick-field. 

_ At a neighbouring brickyard a trial sinking had been made 

in this bottom stony clay for 30 feet without piercing it; probably 
therefore it continues to stretch under the fen beds for some distance 
southward. 

Returning to Firsby the Boulder-clay is exposed in the railway- 
cutting near the station; and its peculiarities have been noted by 
Mr. Skertchly, who describes it at p. 209 of his Memoir on the 
Fenland (Geological Survey). It is of a reddish brown colour, 
mottled here and there with bluish grey ; small chalk pebbles are 
scattered through the mass, many of them being soft and easily 
crushed, derived probably from the Upper Chalk to the north; there 
are also fragments of other rocks, basalt, limestone, and sandstone ; 
its thickness at the station is 10 feet; and an unfailing supply of 
water is obtained from the gravel below. When, however, it is 
traced northwards into the next cutting on the railway its variable 
character again discloses itself; a clean reddish loam first takes the 
ground, succeeded by stiff mottled Boulder-clay, which passes a second 
time into red laminated sandy loam without any stones at all. 

Similar beds are shown in vertical succession at an old pit 
between the railway and Monksthorpe, in the following order. 


feet. 
Dark brown Boulder-clay............... 3 
Reddish loam, without stones ......... 4 
Purplish Boulder-clay ................4- 3 
Gravel and sand.........ccccccveceesscsees 9 
19 


In the large pits belonging to Mr. Hardy at Great Steeping, a 
similar section is exposed: the Boulder-clay is from 8 to 10 feet 
thick, and is mostly a stiff mottled clay full of chalk pebbles, but 
passes in one part into a reddish silty loam; underneath there is 
about 10 ft. of sandy gravel with seams of sand, and a bed of coarse 
gravel at the bottom; here, again, mammalian bones have been 
found. 

Northward the Boulder-clay extends up the Steeping valley to 
within a quarter of a mile of Partney church; and a long tongue 
stretches up the hollow between Partney and Skendleby, but no 
outliers haye been observed further up the main valley. Near Ashby 
the thin edge of the Hessle Clay may be seen in the river-bank over- 
lying dark Kimmeridge Clay ; the former thickens southwards ; and 
the Kimmeridge Clay ceases to be visible below Halton Bridge, 
where the river enters the ground occupied by the beds of clay and 
gravel above described. 

The lie and position of the Hessle Clay between Steeping and 
Keal Coates have already been indicated; its surface extension 
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forms a strip of land intervening between the fen and the high 
ground (see section, fig. 2), and varying in width from a mile to a 
mile and a half. Its colour and constitution vary considerably : its 
general character is that of a tough sticky clay, reddish or brownish 
in colour, mottled and striped with bluish-grey, and usually con- 
taining a greater or less quantity of small chalk pebbles, so that the 
material is locally known as ‘‘ clay with whites;” but occasionally 
it passes into a reddish sandy loam which is almost free from stones 
of any kind. 

Beds of sand and grayel frequently and perhaps continuously un- 
derlie the clay. They rise to within a few feet of the surface in some 
parts of the area; but towards Keal Coates the ground rises and the 
clay appears to thicken, a well at the farm near the old windmill 
west of the village being sunk through 20 feet of the clay into 
sandy gravel with water. 

The northern boundary of the Hessle beds, skirting the foot of 
the high land, presents a singular feature which much perplexed 
me when first entering on a survey of the ground. I found the 
hills to consist of Neccomian sands overlying a dark blue clay, 
while on the lowermost slopes reddish sand again presented itself 
with such regularity that it gave one the impression of cropping 
out from beneath the blue clay, while the Boulder-clay appeared to 
be banked up against it on thesouth. Ultimately, however, I found 
that the blue clay was Kimmeridge Clay, and that the lower sands 
connected themselves with the Hessle Clay; they form, in fact, a 
long sandbank marking what appears to be the shore edge of that 
clay and resulting from the degradation of the Neocomian Sands 
above. ast of Toynton All Saints there is a mound of such sand 
banked up upon the Kimmeridge Clay as high as the level of its 
junction with the overlying Neocomian sand, while southward and 
eastward this sandbank passes into loam and Boulder-clay. 

Westward the bank forms a kind of terrace at the foot of the 
hills, more elevated than the plain of Boulder-clay beyond : see 
section fig. 2, p. 405, which is drawn along a line running due N. and 
S., from the eminence called Marden Hill, just N. W. of East Keal, 
to the edge of the fen below the Catch-water drain, which receives 
all the drainage from the slopes on this border of the Fenland. 
The village of West Keal stands on the terrace above mentioned ; but 
here there is less sand, the bank being composed of a strong loam, 
laminated in places, but finally passing into a loose stony clay that 
cannot be separated from the mass of the Hessle Clay, though it 
contains some patches which might almost be called gravel. Such 
is the character of the deposit along the main road from West Keal 
to Hagnaby; and it is last seen just before reaching the farmstead 
called Laythorpe, which stands on the Kimmeridge Clay. 

South of this place the country presents an undulating hillocky 
surface with westerly slopes towards Hagnaby beck, which stream 
runs through ground occupied by sands and gravels that are 
apparently of more recent age than the contiguous Hessle Clay. 
Owing to the more obscure nature of the country, however, J ex- 
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Fig, 2.—Scetion from Marden Hill to East Fen, in the line A.B, in Map. (Scale, 3 inches to 1 mile.) 
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perienced great difficulty in disentangling the various clays and . 
gravels that are met with in this neighbourhood ; and I cannot, 
therefore, speak positively concerning the relation of the Hessle Clay 
to the other deposits. Below the gravels which occupy the surface 
about Hagnaby and East Kirkby the blue Kimmeridge Clay is 
generally found ; but occasionally there are intervening patches of a 
chalky Boulder-clay, different in character and contents from the 
clay of the Hessle series. The former clay is greyish or yellowish 
white, full of chalk pebbles, and is similar to that which caps the 
hills to the northward, although it here descends to the same level 
as that occupied by the Hessle beds. On this point more will be 
said in the sequel. 

Here, therefore, as before stated, we find the western boundary of 
the Hessle Clay; but instead of terminating altogether, its surface 
outcrop is prolonged southward, so as to, fcrm an irregular ridge or 
‘bank, varying in altitude, but always higher than the fenny lands 
on either side. This feature is shown in the section, fig. 3, p. 405, 
which starts from the road north of New Bolingbroke, and intersects 
the Hessle-Clay bank along a line which passes about one third 
of a mile south of Stickford church. ‘The extension of the Boulder- 
clay under Kast Fen is to some extent hypothetical ; but it is founded 
on the fact that it is seen to slope under the north and west edges of 
this fen, and that some depth of Boulder-clay was found below 8 
feet of peat and clay at Lade-Bank engine, 3 miles to the south- 
ward*. 

About Stickford the Hessle Clay seems to be in great force; and 
at the Red Lion Inn a well was dug 60 feet in it without reaching 
the bottom of the deposit, but finding a weak spring of water at a 
depth of 30 feet. 

Under the N.E. part of the village there is a bed of sand and 
gravel which yields a supply of water at depths of from 14 to 18 
feet. The same brown Boulder-clay may be seen at the 8.E. end 
of the village near the Catch-water drain, and at Bargreen Bridge on 
the road to Stickney. The ridge at the latter place is reduced to a very 
narrow neck; and advantage has been taken of this circumstance 
to cut a channel through it and thus bring the waters of Hagnaby 
beck into connexion with the Catch-water system of drainage. 

About Stickney the ridge widens out again, and strikes nearly 
due south in the direction of Sibsey. The soil at the surface is a 
sandy and stony loam; but underneath the same brown Boulder- 
clay is found. 

This district has been surveyed by Mr. 8S. B. J. Skertchly*; but he 
naturally regarded the clay composing the ridge as a local variety 
of that which underlies the fen-basin to the south and west; sub- 
sequent mapping has demonstrated its connexion with the Hessle 
Clay, and has invested this feature with more importance than it 
would otherwise have possessed. Mr. Skertchly’s mapping shows 
that the continuity of the ridge is interrupted south of Stickney; and 


* Geology of the Fenland (Geol. Surv. Mem.), p. 280. 
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he believes that in early times the river Witham flowed through 
this gap to the outfall at Wainfleet. 

At Sibsey Norland the Boulder-clay sets in again, and appears on 
the map in the form of a long island rising out of the flat silt- 
lands which surround it on every side. Mr. Skertchly mentions a 
well section at Sibsey*, showing Boulder-clay (31 feet) with a vein 
of sand below yielding a water-supply, as at Stickford. 

South of Sibsey the Hessle Clay would appear to sink finally 
below the level of the fen-deposits, following probably the increasing 
slope of the floor of the fen-basin in that direction. Mr. Skertchly 
remarks + that ‘‘around Boston Boulder-clay of the dark blue 
character can be occasionally seen in several of the brickyards at 
depths of from 15 to 26 feet from the surface. The fen-beds around 
are much thicker than this; and Boston seems to stand on a sub- 
merged bank of Boulder-clay, of which the islands of Sibsey and 
Stickney are the only parts which appear at the surface.” 

It will be seen therefore that he regards the Boulder-clay under- 
lying Boston as a continuation of the Sibsey Clay, which now proves 
to be referable to the Hessle Clay, and is therefore much younger 
in age than the Boulder-clay underlying the rest of the fen to the 
west. How far the Hessle Clay may once have extended to the 
southward cannot at present be ascertained ; but it is very unlikely 
that the deposit should have terminated thus abruptly in the midst 
of what is now the fenland ; for this area seems to have existed, with 
much the same configuration as now, in times long anterior to the 
formation of the Hessle beds. We may therefore reasonably ex- 
pect that they will eventually be recognized in more southerly parts 
of the fen-basin ; but it is very problematical whether any of the 
gravels in those regions, supposed by some to be contemporaneous 
with the Hessle Sands, ever had any actual connexion with them. 

Mr. Skertchly gives a well section at Fossdyke in which 37 feet 
of yellow sandy clay intervene between beds that are clearly deposits 
of fen and Boulder-clay of a light blue colour. It would be idle to 
speculate upon the probability of this belonging to the Hessle Clay ; 
but the possibility is perhaps worth pointing out. 

It may, however, be assumed as more than probable that where 
Boulder-clay is found to underlie the more recent beds in the fen 
district east of the bank or ridge above described, such Boulder-clay 
belongs to the Hessle and not to the older chalky clay. 


§ 3. The Origin and Mode of Formation of the Hessle Clay. 


The geographical disposition and extension of the Hessle Clay in 
Lincolnshire are suggestive of some remarks regarding the conditions 
under which it appears to have been accumulated ; and in this con- 
nexion its relations to the Chalky Boulder-clay or Upper Glacial of 
Searles Wood become of great importance. 

The contrast between the character and behaviour of the two 
clays is very conspicuous. The configuration of the country during 


* Geology of the Fenland (Mem. Geol. Sury.), p. 275. 
t Op. cit. p. 211. 
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the formation of the later clay was entirely different from that which 
obtained in the earlier period: the climate too must have been 
different ; for everything connected with the Hessle Clay points to 
conditions of much less glacial severity than those which accom- 

panied the formation of the older clay. : 

Mr. Searles Wood, indeed, deems these facts of such importance 
that he refuses to admit the newer clay as coming within the limits 
of the great Glacial Period; he refers its accumulation to a period 
of minor glaciation, which he considers as Postglacial, in the sense 
that it occurred at a time long after the epoch of major glaciation, 
to which he would restrict the term Glacial Period. 

Without altogether assenting to Mr. 8. Wood’s view of the case, 
I quite appreciate the importance of the facts to which he draws 
attention, and the reasons which have led him to adopt this break 
as the line of division between the Glacial and Postglacial Periods. 
In conjunction with Mr. Rome he drew two sections across the 
Steeping valley ; and speaking of these they write as follows* :— 

«We are thus enabled to see the relative positions of the Hessle 
clay and of the Glacial clay of mid-Lincolnshire, and the contrast 
presented by the former as a true Postglacial or valley-formed bed 
.... to the massive deposit of the latter, out of which and the 
Wold, together, the trough occupied by the Steeping river has been 
cut.... The contrast between the chalky clay and the Hessle 
clay in this section (fig. 9) 1s too distinct and complete to admit of 
the possibility of their belonging to the same formation.” 

The general accuracy of these sections, and of the conclusions 
drawn therefrom regarding the great lapse of time and the large 
amount of denudation which must have taken place in the inter- 
vening period, are fuliy confirmed by the results of my own more 
detailed examination of the country. 

The section fig. 2, on p. 405, shows how the Hessle Clay is banked 
up against the foot of the hills bounding the northern edge of the 
fenland, and also exemplifies the great difference in the relative 
positions here occupied by the two Boulder-clays ; so rapid, how- 
ever, 1s the south-westward declination of the Chalky Boulder-clay, 
that at a distance of only one mile and a half west of the line of 
section it is found at the same level as that on which the newer 
clay occurs. We are therefore led to inquire whether this is merely 
a coincidence or whether the descent of the Chalky Boulder-clay to 
to this level has been in any way connected with the limitation of 
the Hessle Clay to the eastern part of the fen-basin. 

To any one now viewing the ground there does not seem any 
reason why this latter clay should not have extended eastward 
along the fen-edge to Tattershall and the valley of the Witham. If 
the wide-spread sand and gravel which covers this district was a 
continuation of the beds underlying the Hessle Clay, some patches 
of the superimposed clay must have remained to prove its former 
existence; but nothing of the kind has been found. If it does exist 
in any part of this area, it must be subjacent to the above-mentioned 

* Quart. Journ. Geol. Soe. vol, xxiv. p. 163. 
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gravels ; but wherever Boulder-clay has been seen beneath them it 
is either the white or the dark blue variety of the Upper Glacial 
Clay. 

About Revesby the chalky or “ white clay ’’ is seen to pass down- 
wards into the blue variety as it descends into the fen-basin ; and 
the occurrence of this clay in the very place of the Hessle Clay 
appears to show that the former has in some way been connected 
with the absence of the latter. 

It has occurred to me as a possible solution of the question that 
the great Glacial Clay may then have existed in such mass over the 
northern part of the fen district as to have prevented the influx of 
the Hessle-sea waters, presenting a line of low cliffs against which 
the later Boulder-Clay was banked up in the same way as it is 
against the eastern and southern slopes of the Wolds. 

We know that the Glacial Clay did descend into, and probably to 
a great extent filled up, the great hollow of the Fens; the north- 
ward declination of its base-line in Cambridgeshire * has heen in- 
dicated by Mr. Penning and myself; and we now find it sinking 
southward in a similar manner from the Lincolnshire highland. 
Whether the subsequent period was one of emergence or submer- 
gence, it was undoubtedly a period of great denudation; and tne re- 
excavation of the fen-basin seems have been one of its results; the 
position of the Hessle Clay therefore in the north part of the Fen- 
land may indicate one stage of this process. 

The only alternative explanation which suggests itself is that the 
re-excayation of the fen-basin had been completed before the de- 
position of the Hessle Clay, and that an open bay existed over the 
site of the present Fenland, and that, as the climate again increased 
in glacial severity, the inner and shallower part of this bay became 
blocked up with ice, which presented a lofty ice-wall on the seaward 
side, and that the Boulder-clay was accumulated on the outside of 
this wall. This, however, is a mere speculation; and although it 
would account for the difficulty, there is no collateral evidence to 
support it; while the former supposition connects itself with two 
ascertained facts—(1) the occupation of the fen-basin by the Great 
Chalky Clay, (2) the termination of the Hessle Clay at the point 
where the older clay descends into the fen country. J. am inclined 
therefore to look upon the first hypothesis as the most probable ex- 
planation of the facts. 

I also concur with Mr.S. V. Wood in thinking that both the in- 
ternal structure and general behaviour of the Hessle Clay furnish 
evidence in favour of the supposition that it was formed along a 
coast-line by the action of shore-ice. This is a question on which 
there is great difference of opinion, other writers, notably Dr. James 
Geikie, holding that this clay in common with all other Boulder- 
clays is the product of land-ice. Let us therefore reexamine the 


characters presented by the Hessle Clay throughout its extension in 
East Lincolnshire. 


* Quart. Journ. Geol. Soc. vol. xxxv. p. 198, and ‘The Posttertiary De- 
posits of Cambridgeshire,’ Cambridge, 1878, pp. 28 and 77. 
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Regarding the origin of the materials composing it in the north 
of the county, Messrs. Wood and Rome remark * that ‘the colour 
of the Hessle clay, coupled with the presence of the chalk fragments 
and the boulders in question, seems to show that it has been mainly 
formed, and its boulders derived, from the degradation of the purple 
clay, an admixture of material having been introduced from the 
chalk which had been laid bare of the Glacial clay during the previous 
early Postglacial denudation.” 

All along the eastern slope of the Chalk Wolds, where it may be 
supposed that the Purple Clay lies underneath, it would appear 
that the Hessle Clay preserves much the same colour and character ; 
but on reaching the south end of the Wolds and crossing the line 
along which their scarp must be prolonged as an underground ridge 
stretching south-eastwards, we find near Burgh a very chalky 
Boulder-clay ; and whether this belongs to the Purple or to the 
Hessle Clay, I am disposed to attribute its chalkiness to the proxi- 
mity of the chalk-ridge below. 

Moreover, when we are well within the strike of the Neocomian 
series (clays between thick sandstones), we find that the Hessle Clay 
puts on a loamy and sandy facies, and that its landward border is 
actually fringed with sandbanks for some distance. Traced south- 
ward to Stickney, it becomes a stiffer and more sticky clay, though 
still brownish in colour and charged with pebbles of chalk; here it 
appears to rest on the Kimmeridge Clay, and further south on Upper 
Glacial Clay of the dark blue colour which it usually presents in 
this part of the Fenland. 

It may have been noticed that in speaking of the clay underlying 
Boston, which may be part of the Hessle Clay, Mr. Skertchly 
described it as dark blue in colour ; now it is possible that it may 
have acquired this tint from the erosion of the underlying blue clays, 
just as further north it appears to take its colour from the Purple 
Clay. Whether this be the case or not, there is sufficient evidence to 
show that the colour, character, and constitution of the Hessle Clay 
are influenced by the nature of the rock beds which underlie it—not, 
however, after the fashion described by Messrs Tiddeman and 
Skertchly, where a Boulder-clay derives its colour and character from 
the rocks over which it has been pushed ~; the Hessle Clay, on the 
contrary, seems to exhibit the phenomena we might expect on the 
supposition that it was formed against a shore-line by the combined 
action of sea-waves and coast-ice. 

I am aware that Dr. James Geikie takes an entirely different 
view; but his arguments are principally founded upon the supposi- 
tion that the Hessle Clay behaves in the same manner as the older 
Boulder-clays. He asserts, in direct opposition to Mr. 8. V. Wood’s 
opinion, that “ the Hessle boulder-clay yields no proof of a marine 


* Quart. Journ. Geol. Soc. vol. xxiv. p. 151. 

t Quart. Journ. Geol. Soc. vol. xxviii. p. 484, ‘Great Ice Age,’ p. 358. I may 
here remark, however, that this is no proof of the terrestrial origin of such 
Boulder- Clay ; coast-ice breaking up, and drifting in a strong current would 
leave a similar trail of rock-débris and differently constituted clays. 
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origin, but is as much a moraine profonde as the purple boulder-clay 
or even as the great chalky till itself. This,” he says, “is proved 
not only by the character of the clay, but also by the mode of its 
occurrence” *. It does not appear, however, that Dr. Geikie made 
himself acquainted with its mode of occurrence beyond the limits of 
the localities which he mentions; he does not attempt to account 
for the restriction of the deposit to the eastern side of the Wolds, or 
for its position in the valley of the Steeping. It is unfortunate 
that Dr. Geikie did not enter more fully into the special behaviour 
of the Hessle Clay, as itis precisely this which, to my mind, furnishes 
the strongest arguments in favour of its formation by coast-ice ; 
and the facts stated in the preceding pages appear to constitute 
difficulties in the application of his land-ice theory. 

As regards the characters presented by the Hessle Clay at Kelsea, 
Dr. Geikie describes them in some detail. He observes that where 
it rests directly on the Chalk its basement bed is one of angular 
chalk débris. But this is only what we should expect in the case of a 
shore deposit ; and according to Mr. 8. Wood the same bed is found 
at the base of the Hessle gravel. Mr. Geikie, indeed, admits that no 
stress can be laid on this fact as being specially favourable to the 
land-ice theory. His next assertion, that there is no trace of 
bedding in the deposit, must be taken, I presume, as meaning that 
none was visible in the sections he had the opportunity of seeing ; 
I can youch for the existence of laminated loams being clearly 
intercalated in the clay at more than one locality (vide pp. 403, 404). 

Again, he describes a section where a tongue of the Boulder-clay 
is intruded among the subjacent sands, and he looks upon this as ° 
evidence for the agency of land-ice; I apprehend, however, that the 
powerful agency of coast-ice is quite adequate to the production of 
a similar result. Exactly similar phenomena are presented by 
the so called Cromer till, which is both overlain and underlain by 
marine deposits, and portions of which are certainly interbedded 
with the laminated series below. The section given by Mr. Geikie 
appears therefore equally explicable by the one theory as by the 
other, and cannot be taken to prove the correctness of his own view. 
Finally, since we know that coast-ice is capable of accounting for 
such phenomena as are presented by the Hessle Clay in Lincolnshire, 
and as no direct evidence for its morainic origin has yet been adduced, 
I am strongly inclined to adopt the former view, as first suggested 
by Messrs. Wood and Rome. 

The following are the principal facts in fayour of this hypo- 
thesis :— 

(1) The occurrence of marine mollusca in the sands and gravels 
which underlie it, proving that the area was a sea-bottom at a time 
immediately preceding the formation of the superjacent clay. 

(2) The distinct indications of the frequent interposition of 
stratifying aqueous agency, viz. the interbedded layers of laminated 
loam and sand, and the occasional lateral passage of the clay itself 
into similar laminated loam. 


* ‘Great Ice Age,’ second edition, p. 374 
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(3) The occurrence of the Hessle Clay only on the seaward side 
of the Chalk Wolds, and its position in relation to them, being 
banked up against their slopes and thrust into their hollows and 
valleys—such a position at once suggesting the idea of its accumula- 
tion along a sinking coast-line. 

(4) The frequency of fragments from the softer beds of the 
Upper Chalk, the change in character and contents beyond the 
southern end of the Chalk hills, and the sandbanks fringing its 
westward continuation. 

All these facts appear to indicate that the present boundary of 
the Hessle Clay corresponds with the coast-line of the period during 
which it was accumulated, that there is a distinct relation between 
the nature of the rocks composing this coast-line and the varying 
character of the clay, and that it was formed by the action of coast- 
ice under the influence of a southward-drifting current. I hold it 
therefore only reasonable to conclude that no glacier or ice-sheet 
had any part in the formation of the clay in question, but that its 
origin is purely littoral and marine. 

[Posrscriet, May 1879.—Recent information obtained while 
surveying the country between Burgh and Alford has disclosed 
important facts which are hardly explicable on any other hypothesis 
than that above mentioned. ‘he Boulder-clays underlie all the 
newer deposits of the bordering marsh, and rest on a gently sloping 
plain of marine denudation, which extends westward to the foot of 
a line of buried chalk-cliffs; these stretch northward from Welton 
to Louth, and probably continue along the eastern edge of the Wolds 
as far as the Humber. The Hessle beds are banked up against 
these cliffs, well-borings proving a depth of from 40 to 50 feet of 
clay at distances of only two or three furlongs from its boundary 
line. Borings at Mablethorpe, on the coast, reach the Chalk at a 
depth of 84 feet; so that, allowing for difference of surface-level, 
the buried scar of Chalk has a north-easterly slope of about 1 in 
530. The south end of the Chalk Wolds is completely smothered 
in Boulder-Clay ; and at Welton the concealed cliff is probably an 
- exact counterpart of that at Hunstanton. | 


§ 4. The Age and Equivalents of the Hessle Beds. 


Hitherto I have found myself in accord with Mr. Searles Wood 
in all points concerning the Hessle beds and their mode of occur- 
rence in Lincolnshire; with regard, however, to the connexion 
which he traces between these beds and certain Postglacial gravels, 
IT am constrained to differ from him; or rather, to speak more cor- 
rectly, I would enter a verdict of ‘‘ not proven” against the correla- 
tion for which he contends. 

This is a matter of some importance, because this correlation hes 
at the very foundation of the grouping which he proposes in his 
classification of the Glacial and Postglacial deposits; and in a recent 
paper he defends this grouping, to which Mr. Geikie had taken excep- 
tion in his ‘ Great Ice Age,’ and discusses the question at some length*. 

* Geclogical Magazine, dec. 2, vol. v. p. 24. 
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The point in dispute might at first sight appear to be a mere 
matter of nomenclature; but the question really involved is whether 
the Hessle beds are synchronous with the March gravels and with 
the brickearths of the Thames Valley. Believing, as Mr. Wood 
does, that the Hessle beds are contemporaneous with deposits in the. 
south of England “‘ which for more than a quarter of a century we 
have been accustomed to call Postglacial,” it is not surprising to 
find him remarking that, had he not called the former beds Post- 
glacial, his contention of their synchronism with Postglacial deposits 
would haye produced great confusion. All this seems sufficiently 
reasonable and logical, granting, of course, that the premises are 
correct ; but if these are shown to be unreliable, the whole argument 
necessarily becomes invalidated. 

If we examine the history of the term “ Postglacial,” we shall 
find that it was adopted by Prof. Prestwich in 1864 to designate 
the period during which the English river-gravels were deposited, 
because even the oldest of these could be shown to be of later date 
than the Great Chalky Boulder-clay of East Angla, which was then 
regarded as the only clay formation of the Glacial Period. 

When, however, it was subsequently discovered that there were 
newer Boulder-clays than the so-called Upper Glacial, it became 
clear that some of the river-gravels might belong to the period 
during which in the more northern parts of England these later 
clays were being formed. Mr. Searles Wood saw reason to think 
this was the case; and he says it was expressly with the object of 
preventing confusion that he called the Hessle beds Postglacial, 
because they were, in his opinion, synchronous with the Cyrena- 
brickearths. 

Finding also that the Hessle Clay did not present the same cha- 
racters as the older Boulder-clays, that its mode of occurrence was 
different, and that it was separated from the older beds by a long in- 
terval of time (during which the present valley-system of Lincolnshire 
was carved out), he thought these were sufficient reasons for regard- 
ing the Great Chalky Clay as the last term of the Glacial series, and 
that the extensive denudation which followed the elevation of these 
Glacial beds into dry land might be taken as ushering in the Post- 
glacial Period. 

He considered that this conclusion was supported by the character 
of the Molluscan fauna of the Hessle Sands ; so that in 1872 he thus 
stated the case* :—‘‘ The Hessle beds do not, I contend, belong to the 
Glacial period at all. They followed the re-occupation of the terres- 
trial surface by the Great Mammalia, of the rivers by Cyrena 
Jluminalis, and of the seas by a molluscan assemblage, not merely 
all of living species, but one that differs in but a slight degree from 
that inhabiting the English coast near at hand.” 

Such are Mr. 8. Wood’s grounds of belief ; and since the division 
between the two periods, wherever it is drawn, must, to some ex- 
tent, be an arbitrary line, there would not be any great objection to 
this classification, provided that the sequence and parallelism in- 

* Geol. Mag. vol. ix. p. 174, 
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volved therein were properly substantiated ; with the same proviso 
he would be right in saying* that, ‘‘if we relegate these Hessle beds 
to the Glacial group, we abandon the age of deposits as the basis of 
their nomenclature, for the conditions under which they have been 
accumulated ;” and thus, to be consistent, we should bring the Glacial 
Period down to the present time. 

But is the evidence for the synchronism of the early river-gravels 
with the Hessle gravel and sand so clear and convincing as Mr. 
Wood believes? Mr. Geikie appears to accept it without question. 
Tventure to think, on the contrary, that this identification has been 
made on very slender grounds. 

In the first place, no direct evidence has ever been obtained. All 
the localities mentioned by Mr. Wood are beyond the present known 
extension of the Hessle Clay; and therefore the best test, that of 
superposition, cannot be appled. No series of river-gravels com- 
parable with those in Cambridgeshire has yet been traced under 
the Hessle Clay. I looked carefully for such beds in the Steeping 
valley, but I found a remarkable absence of river-grayels. It is 
true that Mr. Wood has made one attempt in this direction ; he 
says t:—‘‘ The gravels of this formation, which, in the Cambridgeshire 
Fen, extend southwards to about lat. 52° 30’, are there and over the 
Fen northwards uncovered by Boulder-clay ; but in Holderness they 
are so covered.” Here he assumes that the gravels in Cambridge- 
shire and Yorkshire belong to one and the same formation; but he 
cannot point to any kind of physical connexion between the two, 
and I have published elsewhere the evidence which leads to the con- 
clusion that the March gravels are the estuarine termination of the 
oldest river-courses in Cambridgeshire t, while the Holderness beds 
are marine deposits of a littoral character: the argument therefore 
rests on an assumption, and becomes misleading ; for it assumes that 
the former beds are older than the Hessle Clay because the latter are, 
and concludes that the latter are Postglacial because the former are 
supposed to be so. 

Beyond the general] considerations already indicated, there is only 
one item of positive evidence for the alledged correlation ; and this 
is the occurrence of a particular shell, Cyrena fluminalis, in both 
sets of deposits; that is to say, Mr. 8. Wood regards the occurrence 
of this shell in isolated and widely separated deposits (some of 
marine and some of freshwater origin) as evidence of their syn- 
chronism. But it seems to me that this is to strain paleeontological 
evidence beyond reasonable limits; and I venture to protest against 
the manner in which Mr. Wood employs such testimony. His 
argument concerning the beds below the Cromer till is very similar: 
he would include in the Glacial Series all the deposits which yield 
Tellina balthica—proceeding therefore on the same principle, viz. 
that the presence of one particular shell may be taken as conclusive 
evidence of contemporaneity ; and he would separate the Norwich 
Crag from the Weybourn Sands because it does not contain the 


* Geol. Mag. dec. 2, vol. v. p. 18 + Jb. dec. 1, vol. ix. p. 177. 
+ Vide The Posttertiary Deposits of Cambridgeshire, p. 59. 
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fossil in question—a fallacy which Mr. H. B. Woodward has exposed 
in his recent address to the Norwich Geological Society *. 

Mr. Wood’s dependence on the testimony afforded by the presence 
of Cyrena fluminalis has led him into another error ; for he groups 
together the March and Barnwell gravels, which are now found to 
be entirely disconnected. The danger of trusting to so small an 
amount of paleontological evidence is thus illustrated. Deposits 
which contain similar fossil assemblages may be compared ; but de- 
posits which only happen to contain one fossil in common are 
palzontologically incomparable. 

The testimony in favour of the Postglacial correlations is not 
even of so plausible a nature as that for the Preglacial classification ; 
for Cyrena fluminalis is known to have existed previously during 
the later Crag-formations ; 1t was probably only banished from Eng- 
land during the coldest times of the Glacial Period, and returned 
whenever the conditions permitted its existence ; it is by no means 
of universal occurrence in the older river-gravels themselves, its dis- 
tribution being apparently dependent upon climatic conditions and 
other circumstances ; so that it cannot be used even here as an in- 
fallible criterion of age: ¢. g. the Barnwell gravels contain it in 
abundance; but it has not yet been found in the freshwater portion 
of the older series above mentioned. 

I will now examine on separate and independent grounds the 
probability of any of the deposits indicated by Mr. 8. Wood being 
contemporaneous with the Hessle Sands. 

(1) The Hunstanton Gravel. The marine character of this deposit, 
together with its position above the level of the Fenland, lends some 
colour to the supposition of its synchronism with the Hessle beds. 
Mr. Wood thus speaks of it +:—‘‘ The Hunstanton gravel resembles in 
its paleontological aspects the Kelsea Hill bed in consisting entirely 
of living species, and none but those inhabiting British Seas have 
yet been obtained by us from it. Itis not, however, overlain by any 
thing answering to the Hessle Clay... . neither does the Cyrena occur 
in it.” This raised beach has not, indeed, been fully investigated ; and 
its relation to the other drift beds in the neighbourhood is at present 
unknown. A careful examination wouid probably lead to some inter- 
esting results; for a little south of the point where the Red Chalk 
rises to the top of the cliff at Hunstanton, a stiff reddish-brown clay 
takes the ground, presenting a pebbly base and lying in hollows 
eroded out of the Carstone ; it deepens southwards towards the sta- 
tion and becomes more purple in colour. I hesitate even to hazard 
the suggestion that this may be a form of the Hessle Clay, as the 
possibility has only lately occurred to me, and my visit to Hunstan- 
ton was anterior to my acquaintance with the latter clay. 

(2) The gravels on the North Edge of the Fen. I have already 
stated the reasons which induce me to regard these as probably of 
later date than the Hessle Clay (see p. 414). I admit that, where 


* Proc. Norw. Geol. Soc. vol. i. p. 50. 
+ Introduction to Supplement of ‘ Crag Mollusca’ (Pal. Soc.), p. xxviii, 
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these gravels abut against the Boulder-clay, the obscurity of the 
ground renders it dangerous to pronounce a decided opinion on the 
question*. They have not yet yielded any organic remains; but 
their mode of occurrence near Kirkby and Revesby is suggestive of a 
fluviatile origin ; moreover their inland and upland continuations 
appear to be true river-gravels, comparable to those long ridges of 
gravel in Cambridgeshire which have been described by Mr. Penning 
and myself—records of a river-system which is older than the 
valleys of the present streams}. ‘The great outspread of sand and 
eravel round Tattershall may be the estuarine termination of these 
ancient Lincolnshire rivers: this is the conclusion to which 1 am led 
by the mapping of the district, in its present stage ; but the comple- 
tion of the survey will doubtless throw more light on the matter. 

(3) The March Gravel. There is no direct connexion between 
this and the gravels on the north edge of the Fen, as Mr. Wood’s 
language would lead us to suppose. If, however, we assume what 
I have just indicated as probable, viz. that the remarkable series of 
ancient river-gravels which occur in Cambridgeshire and Lincoln- 
shire are coeval, then we may naturally conclude that what appear 
to be their estuarine terminations are likewise of the same age; but 
as regards the particular epoch of Post-tertiary time to which they 
belong, we have as yet no testimony which is worthy the name of 
evidence. We only know that they are of later date than the Great 
Chalky Boulder-clay ; whether they belong to a period anterior or 
posterior to that which witnessed the formation of the Hessle Clay 
we have no means of deciding. The probabilities, however, are in 
favour of their being younger than this clay. 

(4) The Barnwell Gravels. The mapping of the country round 
Cambridge demonstrates that these form part of a much newer de- 
posit than the old series of gravel ridges which appear to find their 
termination at March. They belong to the present, and not to the 
former yalley-system. If therefore the older gravels should even- 
tually prove to be in any way connected with the Hessle series, it is 
clear that the Barnwell gravel cannot also be of that age; yet it 
contains Cyrena fluminalis im abundance. Thus it becomes evident 
that this shell cannot be depended on as a criterion of age. 

(5) The Nar-valley beds. Myr. Skertchly looks upon these as 
newer than the oldest gravels of the Fenland (March &c.) and pro- 
bably contemporaneous with the beach-grayvelst. This view is an- 
tagonistic to that of Mr. Searles Wood, Junior, who thus speaks of 
them § :—“ In all these gravels [Kelsea, Hunstanton, March], as well 
as in the Nar Brickearth, Ostrea edulis, which is absent from all 
the East Anglian, and, indeed, from all the English Glacial beds, is 
abundant ; and there can be little doubt that the four are synchronous 


x A trench carried across the junction-line of the clay and gravel would pro- 
bably decide this important point. 

1+ Penning, Quart. Journ. Geol. vol. xxxii. p. 191; Jukes-Browne, ‘ Post- 
tertiary Deposits of Cambridgeshire,’ p. 46. 

t Geology of the Fenland (Mem. Geol. Survey), p. 235. 

§ Introduction to Supplement to the ‘Crag Mollusca’ (Pal. Soc.), p. xxviii. 
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and belong to the earlier or Cyrena fluminalis part of the Postgla- 
cial Period.” Now C. fluminalis does not occur in the Nar-valley 
beds ; and the O. edulis argument is of as little value as that derived 
from the former shell in other cases. If therefore Mr. Skertchly is 
right, the Nar beds as well as the Barnwell gravel, will have to be 
dissociated from the other deposits; and it is quite possible that all 
four are of entirely different ages. 

(6) The Thames Brickearths. Since these belong to an entirely 
different valley-system from that of the fen-basin, it is difficult to 
see how any absolute correlation, such as that proposed by Mr. 
Wood, can ever be established. The same remark will apply to the 
Suffolk and Essex beds containing Cyrena fluminalis. They are 
entirely separated from all the deposits which have any relation to 
the Hessle beds ; and since I claim to have shown that the argument 
derived from the presence of the Cyrena can have very little weight, 
none but the most general considerations can be brought to bear 
upon the question. Some results, of an interesting nature and 
bearing a certain amount of probability, might, indeed, be deduced 
from a comparison of the fluviatile deposits in the valleys of the 
Cam and Thames ; but the materials for this have only recently been 
obtained. It may be pointed out that the brickearths with Cyrena 
are not the oldest deposits of the Thames valley; they belong to 
the lower terraces, which are separated from the higher and older 
gravels by as wide an interval as that which marks off the Barnwell 
beds from the older gravels in Cambridgeshire. 

Mr. James Geikie* and Mr. Skertchly 7, in discussing the age of 
the Palzolithie deposits, have put forward certain theoretical consi- 
derations in support of their view that these beds are of Preglacial 
and Interglacial age. They draw attention to the fact that the 
palolithic implements are generally associated with a mammalian 
fauna which is very different from that of the Neolithic times, and 


- suggest that the gap between these two periods was caused by the 


recurrence of glacial conditions. 

Mr. Geikie asks, “* Why are paleolithic river-gravels restricted to 
the south-east of England, while neolithic remains occur broadcast 
throughout these islands? What is the reason for the limitation 
of the southern mammalia to one small area in the south-east? and 
why should the mammoth and woolly rhinoceros occur so abun- 
dantly in the yalley-gravels of that district, while they appear so 
seldom in the valley-grayels of the north?” The answer which he 
gives to these queries is, that ‘ the palzeolithic deposits are of pre- 
glacial and interglacial age, and that none of them are Postglacial.” 

His arguments are ingenious and worthy of all consideration ; but 
other answers may be given to these questions; the length of the 
postglacial period may have been greater than he supposes; and 
the evidence, though somewhat cumulative, is not uniform or en- 
tirely convincing. I am inclined to regard even the oldest river- 
gravels in the south-east of England as truly of Postglacial date, 7. ¢. 
newer than the Hessle Clay ; but I grant they may be of any age 

* Great Ice Age, p. 531. t Geology of the ae p. 208, 
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later than the Chalky Boulder-clay. All I have attempted to show 
in the preceding pages is, that the grounds on which the older gravels 
haye been correlated with the Hessle Sands cannot be sustained in 
the light of more recent researches; and I contend that it is wiser 
to suspend our judgment concerning the relations which they bear 
to the Glacial series until more positive evidence has been obtained. 


APPENDIX. 


The Deep Well at Boston. 


' Great importance has recently been given to the details of a deep 
boring at Boston, which was executed in 1828, and a record of which 
is preserved in Thomson’s ‘ History of Boston.’ This account has 
been reproduced in the ‘Memoir on the Geology of the Fenland,’ 
by Mr. 8. B. J. Skertchly. Depending on this record, and mainly 
on the fact that between the depths of 523 and 530 feet “ clay, 
shells, and flints” are said to have occurred, Mr. Skertchly regards 
the section as giving evidence of the extension of the Glacial series 
to the enormous depth of nearly 600 feet below Boston. 

I cannot but think, however, that the evidence on which this sup- 
position rests is too weak and uncertain to support so startling a 
conclusion. The description of the beds said to have occurred in the 
last 80 feet is certainly very extraordinary; buta boring can never 
be considered of the same evidential value as a section which has 
at any time been open to observation, and this boring is 50 years 
old; so that no questions can be asked of the well-sinker. Every 
one who is accustomed to the reports of such persons is aware of 
the extraordinary terms they sometimes use, of the necessity there 
often is for personal cross-examination, and of the liability to error 
arising from stones and other substances falling into the bore: this 
error is particularly difficult to eliminate ; and I think it may account 
for some of the appearances in the present case. 

Furthermore it is always necessary to translate such accounts 
into geological language ; and it is not always safe to accept the well- 
sinker’s terms in a literal sense. Now in this particular record fre- 
quent mention is made of shells, shingle, and flint; and Mr. Skertchly 
lays great stress on the occurrence of the last of these, because he 
thinks “this substance can hardly have been mistaken for any other 
material”’*. Mr. Penning, however, has drawn my attention to the 
fact that in Cambridgeshire the term “ flint” is said to be sometimes 
applied to hard beds and concretions in the Oolitic clays. Speaking 
of a rocky band in the Oxford Clay, Prof. Seeley says “the work- 
men call it ‘ flint,’ a name I have also found given in the surround- 
ing district to the septarious concretions of the clays”. 

The shells may, of course, be actual fossil shells (Ostrea, Gryphea, 
&c.); but a substance, which was probably selenite, has been de- 
scribed to me as coming up “‘in bits, like shell or pumice-stone.” 
What the shingle may have been is hard to say; but it would be 


* Geology of the Fenland, p. 211. 
t Seeley, Ann. & Mag. Nat. Hist. ser. 3, vol. x. p. 104. 
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rash to assert that it can only mean gravel or pebbles ; for instance, 
when it is stated that at a depth of 484 feet “shells, shingle, and 
clay” were found resting on sand, a nodule-bed with shells or selenite 
forming the base of the great mass of clay may here be indicated : 
this is merely suggested as a possibility, and as showing how en- 
tirely the geological value of the record depends on the interpretation 
of the terms and details. 

I hardly think that we have in this section a reliable basis for 
such an important theoretical superstructure as that which Mr. 
Skertchly has built upon it. It is too much to conclude, merely on 
the strength of this boring, that during the formation of the Middle 
Glacial Sands the land stood 500 feet higher than it does at present*, 
especially as the only other deep boring near Boston does not show 
a trace of such sands below the Boulder-clay, the base of which was 
reached at a depth of 1663 feet. 

It is,on the contrary, quite possible, not to say probable, that the 
greater part of the boring lies in the Kimmeridge and Oxford Clays. 
Beds of rock and sand are known to occur in and between these 
clays not far to the southward; and the isolated reef at Upware 
attests the occasional and local development of the Coral Rag. Re- 
ferring to the rock which is reported as reached at a depth of 5084 
feet, Mr. Skertchly thinks it was probably a large boulder, since it 
took four days to pierce, ‘‘ which would not have been the case had 
it been a Septaria in the Kimeridge Clay.” But a septarian con- 
cretion is not the only alternative; and this depth would probably 
be below the limit of the Kimmeridge Clay: the rock may be a 
band, like that which occurs at Elsworth, in Cambridgeshire, and 
for testimony to the hardness of which I may refer to Prof. Seeley’s 
description. Moreover another “rock” is stated to have occurred 
30 or 40 feet lower down in the section. 

Now, assuming that the lower part of the boring is in the Oolitic 
series, it becomes important to determine, if possible, the base of the 
Boulder-clay; and, in the first place, it may be noted that the boring 
at Fossdyke (only 7 miles south of Boston) reached the bottom of this 
clay at a depth of 1664 feet, passing immediately into Kimmeridge 
Clay, with septarian bands, which was bored to a further depth of 
159% feet. If we examine the account of the Boston well, we find 
that stones are repeatedly mentioned as occurring in the clay down 
to a depth of 190 feet, but that below this there is no recorded 
occurrence of stones throughout a thickness of 294 feet. All this 
portion of the section is described as ‘‘ dark clay, with shells,” ex- 
cept a band in the middle, 22 feet thick, of “light slate-coloured 
clay, with large shells.” Such a description applies far better to the 
Kimmeridge or Oxford Clay than to Boulder-clay ; for it would be 
surprising that no stones should have been met with in boring through 
a thickness of nearly 300 feet of the latter. Moreover, if we place 
the base of the Boulder-clay at 190 feet, the section then agrees 


* See ‘ Geology of the Fenland,’ p. 218. 
t Ann. & Mag. Nat. Hist. ser, 3, vol. x. p. 99. 
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very fairly with the more recent and more accurately described 
boring at Fossdyke. 

The beds below the depth of 484 feet will have a more natural 
aspect if they are dissociated from the artificial grouping presented by 
the daily report; for it is clear that one and the same bed often 
enters into the report of two or more days’ progress. In the follow- 
ing, therefore, we have what appears to be the natural descending 
order of the strata said to have been met with in the last 88 feet :— 


feet. 
Shells, shingle, and [? in] dark clay .........-........ceseeeeee about 1 
Fine sharp sand.......coscess-ceseeceeeecsess sees eeeeceestonees more than 5 
Dark clay, with shells in the lower part .......... .... from 10 to 15 
Siantayalley, tabtindss, aol BlaiMlsh 5. scocoosssd cee gos0oedcsecodoa9saddacauoodbone: oF 
(Rovld (apparently weriygheardl)) Preearceseh- eee sneeeeee ern eee tect eeet 2 
Stones mixed with clay, shells and flint near the bottom _...... 193 
Stone, shells, and rock [? rocky layers] .............ccccsesceeeeeeees 18 
Dark @RA7 coaseotcacnovscsq090d¢00. capanacsose0r Lathilailio Seiowie beatene napoleon i 
IWihitelsandisercnes seeteremeaeaecoeecene steerer cert se ghegustue seapeee il 
(Ujreailoyere-l hive) Cea stila 250, 400000 6.0 cosbosoopocoHopasanqsonsoouNETbdonoboDOSDUGAOD 6 
88 


Any one reading the original account will see that the terms and ex- 
pressions employed are those of an ignorant writer; and, making 
allowance for this, it would seem quite possible that the beds above 
indicated may really be strata of a local and exceptional character 
in the upper part of the Oxford Clay. The junction of the Kimme- 
ridge and Oxford Clays in South Lincolnshire is concealed by the 
overlying fen-deposits, so that we have no means of knowing what 
beds may or may not be developed about their line of junction. 

Without further discussion of this matter, the following genera- 
lization of the section seems to me a more probable one than the in- 
terpretation proposed by Mr. Skertchly :— 
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It will be noticed that I have ventured to insert the Hessle Clay. 
This is, of course, subject to future correction; but the terms used 
to describe the upper 26 feet of clay are different from those em- 
ployed afterwards, so that the depth of the Hessle Clay may be in- 


dicated here if the conjecture of its occurrence at Boston should prove 
to be correct. 
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33. VECTISAURUS VALDENSIS, a new WEALDEN Dinosaur. 
By J. W. Hunky, Hsq., F.R.S., F.G.S. (Read April 30, 1879.) 
[Puate XXI.] 


On the 13th of October, 1871, [ found, weathered out, lying on the cliff- 
foot, 300 yards east of the flagstaff near Brixton Chine, Isle of Wight, 
the fossil remains now submitted to the Society. The extreme 
autumnal heat had much cracked the surface of the clay in which the 
bones had been entombed; and these also were shattered into number- 
less small fragments, most of which could not be joined, so that parts 
of six vertebra and of a large flat bone, which I regard as an ilium, 
were all that could be recovered. Since then I have several times re~ 
visited the spot in the hope of finding other portions of the skeleton, 
but fruitlessly ; and as the cliff-foot is now wasted back to such a 
distance as to make the recovery of it most unlikely, the time has 
come when, without incurring the charge of undue haste, I may 
bring under the notice of the Society these evidences of what I 
venture to think will be received as a new Dinosaurian genus. 
Vertebre.—Of these, four (Nos. 24 (figs. 4-7), 25, 26, 28)* are 
presacral, and one (No. 27) postsacral (Pl. XXI. figs. 2,3). Of the 
four presacral vertebrae, three are centra, each retaining its neural 
arch, and one is represented by a detached neural arch. These pre- 
sacral centra are all opisthoccelous. The hollowness of the posterior 
articular surface (fig. 6) is so decided that its figure may be 
properly described as cupped. The anterior articular surface 
(fig. 5) is, in its present state, nearly plane; in none does it 
exhibit a convexity such as might have been inferred from the 
hollowness of the posterior surface. This apparent want of cor- 
respondence of figure of the two articular surfaces may be due to 
removal by post mortem maceration of the fibro-cartilaginous layer 
clothing the fresh bone, the effect of which would be to lessen the 
convexity and deepen the concavity. The circumferential contour 
of the articular surfaces is heart-shaped, that of the posterior being 
fuller than that of the anterior surface.. The neural portion of this 
circumference is, for the anterior surface, nearly straight, for the 
posterior surface notched. The outer or non-articular surface is cén- 
cave longitudinally and convex transversely, which gives it the figure 
of a laterally flattened cylinder bluntly keeled below. A narrow 
mesial tract of the upper surface of the centrum, visible between the 
neurapophyses, forms the floor of the neural canal. The neural 
suture, perceptible in the three vertebree, descends slightly on the 
lateral surface of the centrum. Relatively to the length of the 
centrum, the antero-posterior extent of the neurapophyses is con- 
siderable. One vertebra (No. 24, figs. 4-7) retains both praezyga- 
pophyses and transverse processes. ‘The former look almost directly 
upwards with a slight inward slant. The transverse processes are 


* The numbers refer to the Catalogue of my collection, 
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stout and trihedral. Extending directly outwards, they reach to 
nearly 1-3 inch beyond the root of the neural spine. Their upper 
surface is a flat triangular table with a rounded apex at the free end. 
The anterior border, stouter and shorter than the posterior, is im- 
pressed with a rib-pit close to the preezygapophysis ; and the free end 
of the process is distinctly articular. The posterior border is produced 
backwards along the summit of the neural arch to the postzygapo- 
physis, which gives to the transverse process the platform-like figure 
which has been considered characteristic of Dinosauria. The under 
surface of the process is upborne by a buttress which, beginning 
near the posterior inferior angle of the neurapophysis, is directed 
upwards and forwards, and extended nearly to the free end of the 
process. No. 28, a neural arch, somewhat squeezed by post mortem 
pressure, which has become detached from the centrum along the 
suture, has a similar transverse process to No. 24; but this slants 
backwards more than directly outwards, and a longer space intervenes 
between the capitular costal pit near the prezygapophysis and the 
tubercular articulation at the free end of the process. The anterior 
border of the process between the two rib-joints has also a linear in- 
dentation, against which the rib, when articulated, rested, as in extant 
crocodiles. The prezygapophyses have a stronger inward inclination 
in this vertebra than in No. 24. I regard this vertebra (No. 28) as 
dorsal, and as corresponding nearly to the 15th or 16th presacral ver- 
tebra in Crocodilus niloticus. Nos.25 and 26 are in undoubted natural 
sequence, the left postzygapophysis of No. 25 being cemented by 
fossilization to the corresponding prezygapophysis of No. 26. The 
neural arch is loftier than in No. 24 ; and the transverse process (lost) 
appears by its root to have been moreslender. The postzygapophyses 
very considerably overhang the posterior plane of the centrum. 
The neural spine, which was broken off but lying in juxtaposition 
with its centrum, is an oblong blade about 4 inches high and having 
near its free end an antero-posterior extent of 1°2imch. Its front 
border is thin ; its posterior is cleft towards the base by a deep groove, 
which, in the articulated vertebral column, received the anterior 
border of the spinous process of the vertebra behind it. 

The postsacral vertebra (figs. 2, 3) has lost its neural arch, which 
has become separated at the suture. Both articular surfaces are de- 
cidedly concave. Their circumferential contour is subcordate: the 
upper portion, straight, is the widest part of the centrum; it meets 
the lateral portions somewhat angularly. The lateral surface of the 
centrum is concave longitudinally, and nearly plane vertically from 
the neural suture to the lower border, which it meets in a slightly 
angulated ridge that begins behind at the chevron facet, and is sepa- 
rated from the ridge of the other side by a shallow median depression. 
On the posterior border of this, the inferior surface of the centrum, 
the chevron facet is very conspicuous, and it seems almost subdivided. 
The transverse process (lost) was attached at the line of junction of 
the neurapophysis and centrum. I take this vertebra to have been 
not far behind the sacrum, at the root of the tail. 

The bone (No. 22) which I regard as an ilium (fig. 1) consists 
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of a deep, flattened, oblong plate, of which one border, the upper, 
is produced in the form of a stout process for the distance of about 
3°5 inches. Towards its free end this process is compressed ; and 
at its base its lower margin curves downwards and then forwards to 
form with the angle of the lower border one horn of the segment of 
a circle which constitutes all that remains of this border of the bone. 
This concavity, which appears to me to be articular, I regard as the 
iliac portion of the acetabulum ; and I look upon the angle just men- 
tioned as the pubic attachment, and the process above it as the pre- 
acetabular. That which I consider to be the outer surface of the 
wide plate, or body, of the ilium is sinuous, being alternately slightly 
concave and convex, from above downwards; whilst the inner or 
mesial surface has a stout ridge produced backwards from the pra- 
acetabular process, and marked above the acetabulum by pits, which 
I take to be the impressions of the attachments of the sacral ribs. 
The remaining fragments of this bone show its postacetabular por- 
tion to have been of large extent; unfortunately they could not be 
reunited so as to give its figure. 

The characteristic form of the ilium, with its long preacetabular 
process, would alone suffice to place the animal represented by these 
remains in the order Dinosauria; and the wide platform-lke root of 
the transverse process springing from the summit of the lofty neural 
arch in the dorsal vertebre corroborates this reference. From the 
earlier and later Mesozoic Crocodilians with constant amphiccelous 
centrum (Teleosawri, Goniopholis) it is easily distinguished by its 
opisthoccelous dorsal centra. From Suchosaurus*, Owen, which it 
somewhat resembles in the keeled lower border of the centrum, it 
may be distinguished by the subcordate contour of the articular ends 
of the dorsal centra. A comparison also of No. 28 with a dorsal 
vertebra of Suchosaurus in which the capitular costal facet occupies 
the same position relatively to the prezygapophysis as in No. 24, 
and is therefore presumably from the same part of the vertebral 
column, shows that in this new Saurian the basal width of the 
transverse process is much greater relatively to the length of the 
process than it is in Suchosaurus. From Jqguanodon Mantell it is 
easily known by the different form of the ilium and of the caudal 
vertebra, as also by the characters of the dorsal vertebra just de- 
scribed. These criteria also serve to distinguish it from the allied 
Hypsilophodon Foxit. It may be thought incumbent on me to 
establish its distinctness from Streptospondylus ; the opisthoccelian 
form of the dorsal vertebree seems to require this, convexo-concave 
vertebra such as are usually referred to the genus Streptospondylus, 
being not unfrequently found in the Wealden beds in the Isle of 
Wight. From those of Streptospondylus recentior, Owen t, and 
S. grandis (young individuals are of course imagined) my vertebra 
differ so obviously in figure and in texture that a mistake is not 
possible. As little necessary is a formal proof of their distinctness 

* From evidence in my possession I rather incline to regard Suchosaurus as 


not improbably a Dinosaur. 
t Mantell, Fossils of British Museum. 
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from Poikiloplewron, remains ascribed to a small species of which, 
P. pusillus, are described and figured by R. Owen in the Pal. Soc. 
Mem. 1876. 

For this new Wealden Dinosaur, represented by the remains which 
I have the honour of now placing before the Society, indicating an 
individual about 3 feet long, exclusive of tail, I propose the name 
Vectisaurus valdensis,a name suggestive of the locality, Znsula Vectis, 
and the formation whence I obtained it. 

In the form of the antacetabular process it shows a nearer re- 
semblance to the Iguanodontide than to the Megalosauride. 


EXPLANATION OF PLATE XXII. 


Fig. 1. The right ilium, inner surface. ac, acetabulum; pd, its pubic 
process ; pr. ac, preeacetabular process. 

Fig. 2. Caudal vertebra, posterior surface. , neural canal; ms, neurapo- 
physial suture ; ch, chevron facet. 

Fig. 3. Under surface of same. 

Figs. 4-7. Thoracic vertebra. Fig. 4, viewed from above ; fig. 5, from in 
front; fig.6, from behind ; fig. 7, side view. d, diapophysis; p, para- 
pophysis ; prz, prezygapophysis. 


(The figures are of the natural size.) 


Drscusston. 


Prof. Srrrzy asked the author to what form of Dinosaurs the 
new genus appeared to him to be most closely related. That the 
specimens were Dinosaurian, and belonging toa perfectly new genus, 
there could be no doubt whatever. He remarked that the ribs were 
united to the termination of the transverse processes of the verte- 
bree, and that the neural spine was deeply cleft in form. 

The AutHor replied to Prof. Seeley that he regarded the form 
he had described, as most closely allied, especially in the great 
length of the preacetabular process, to the Iguanodontide ; and he 
pointed out on the transverse process a double costal articulation. 


C. Berjeau del. 
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I. Inrropuctory RemMarKs AND DEFINITIONS. 


[THoven long familiar with the erratic blocks or(as they are now more 
generally called) boulders of the west of England, and though I had 
written many papers on the subject, which appeared in the ‘ Quart. 
Journ. Geol. Soc.’ and ‘ Geological Magazine,’ I lately saw the neces- 
sity for a systematic revision of what I had done, and more especially 
for an extension of my observations in a south and south-east direc- 
tion, where they could be made to throw some clear light on the 
nature and sequence of glacial events*. As no attempt has hitherto 
been made to treat the subject of erratics as a distinct branch of 
science, and as most readers might probably expect to find in a paper 
on the subject little more than an inventory of facts, it may be well 
to begin with a few remarks and definitions calculated to excite a 
scientific interest in the subsequent detailed statements. | 

1. Importance of Boulders as a Key to the Interpretation of Glacial 
Events—Relative Claims of Land-ice and Floating ice.—Notwith- 
standing that very few writers on the Glacial period have paid much 
attention to boulders (one distinguished glacialist told me that he 
purposely avoided them), I think it can be shown that in an area 
such as that extending from the south coast of Scotland to the west- 
midland counties, the positions and directions of dispersion of various 
kinds of boulders must be capable of throwing much light on the 
character and mode of action of the ice by which they were trans- 
ported. An illustration of this may be found in the truly wonderful 
concentration of granite blocks west and north of Wolverhampton, 


* Tn this undertaking I was aided by the Goyernment-Grant Committee. 
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the derivation of which I traced many years ago. They must 
have been carried by a sheet of land-ice fifteen miles in breadth, or 
by great masses of floating ice; and the blocks must have fallen 
where the air or the water was sufficiently warm to melt the ice so 
as to prevent their further transportation; for they terminate too 
abruptly, and on too extensive a scale, to admit of any other suppo- 
sition. If land-ice, according to the principles of dynamical science, 
could not have moved 170 miles on level or undulating ground, 
without the slightest general fall in the direction of the movement, 
but, on the contrary, a very considerable rise towards the extremity 
of its course, then floating ice must have been the transporting agent 
(see II. § 8). Numerous other instances, showing the importance 
of boulders as a means of determining the kind of ice-action, will be 
described in the sequel. Boulders are likewise important as a means 
of correlating the different deposits of clay, gravel, or sand in which 
they are imbedded. In this respect they are often more reliable 
than marine shells, because the latter may have varied with the “ sub- 
marine climate” of the area over which the invariable erratics were 
dispersed. Marine shells, however, are very important as indica- 
tions of changes of climate during the accumulation of drift-deposits 
in vertical succession, as lately shown by Mr. Shone, F.G.S., of 
Chester, and Dr. Gwyn Jeffreys, F.R.S. (Quart. Journ. Geol. Sec. for 
May 1878). 

2. Generalization of Facts not premature.—lt has been suggested 
that for some time to come observers of glacial phenomena should 
content themselves with collecting facts, and leave the task of gene- 
ralization to some one who at an indefinitely remote period may be 
able to collect the results of numerous observations, and frame a 
general theory of the glacial episode. It ought, however, to be con- 
sidered that no authors can generalize facts so well as those who 
haye discovered or observed them, and that the progress of science 
may be obstructed, instead of advanced, by philosophers making 
systems out of phenomena with which they are not practically 
acquainted. A mere theorizer is apt to be influenced by what may 
be called @ prior likelihood ; whereas a practical observer of glacial 
phenomena finds himself often reduced to the necessity of admitting 
what he would never have expected. This arises partly from the 
abnormal character of the phenomena with which he has to grapple. 

3. Identification of Boulders—Tests and Oountertests—To find out 
the parent rock of a boulder, of course requires that specimens should 
be compared; but one specimen of each is seldom sufficient, and, 
unless the rock be very peculiar in composition and structure, it is 
not always safe to rely on a number of specimens. Where the cha- 
racter of the parent rock is varied and it is possible to trace a 
similar variety in a single boulder or group of boulders, the work of 
identification becomes less hazardous. In the case of Criffel granite 
there is a variety in the rocks i situ which is represented among 
the boulders scattered over the plain on the opposite side of the 
Solway Frith, and likewise prevalent on the beach north of Park- 
gate, Cheshire. One variety strongly resembles Mull granite (which 
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at first sight might be mistaken for the granite of a part, at least, of 
Cleopatra’s needle); but on this beach, in different boulders and 
pebbles, it can be seen graduating into the typical Criffel. The 
Arenig rocks zn situ vary from compact felstone to consolidated 
yoleanic ashes; but all the gradations may be found among the 
boulders which, at different heights, have been scattered east and 
north-east. ‘Tracing boulders continuously back to their sources, 
where it can be done, is the most reliable means of identification. 
It may here be remarked that it is better to give a general or geolo- 
gical name to the kind of rock of which a boulder consists than a very 
precise mineralogical name, because many single boulders are large 
enough to embrace more or less variety in their structure and compo- 
sition. The appearance of the weathered surface is often almost 
sufficient to identify a boulder; and the shape and size ought not to 
be left out of consideration. The Arenig-felstone and Criffel-granite 
boulders are often very large, almost invariably angular or sub- 
angular, and seldom glaciated. The Eskdale-granite and Lake- 
district-felstone boulders vary in size ; but they are generally smaller 
than the boulders just mentioned, and in most instances are rounded, 
smoothed, and more or less glaciated*. 

4. Intercrossing of Courses of Boulders.—In mapping the directions 
in which boulders have been dispersed, no fact is more clearly brought 
out than the intercrossing of the courses, not only of local with great 
boulder-dispersions, but of the latter with each other. For instance, 
the Eskdale granite which went to Burton (Shropshire), must have 
crossed the course of the stream of Criffel granite which went to the 
west and north of Wolverhampton, because Eskdale is situated east 
of Criffel; and Burton west of Wolverhampton. It is possible that 
on a small scale this intercrossing of routes may have been effected 
contemporaneously by upper and under boulder-bearing currents ; 
but it is not likely that the above two large dispersions should have 
forced their way across each other without being either broken up 
or commingled to a very much greater extent than is actually the 
case in their terminal concentrations. As we have reason to believe 
(see § 5, 7) that boulder-laden currents would change their courses 
with the rising and falling of the sea-bed, as well as with changes 
of temperature, it seems most likely that the crossing of the courses 
of great boulder-dispersions occurred at different periods. The great 
Arenig stream of boulders would appear to have crossed the previous 
route of the Burton dispersion after the land had become much more 
deeply submerged (see IV. § 3). 

5. Conterminous Gramte and Felstone Dispersions—Effects of local 
Obstructions.—Granite and felstone from the Lake-district and granite 
from Criffel may all three have been transported at different times. 
In that case nothing but persistent (for the required time) local ob- 
structions could have caused their frontal boundaries to coincide ; 
and these obstructions may have consisted of suddenly rising ground, 

* T may here mention that I have nowhere found a greater amount of agree- 


ment in the direction of the longer axes of la:ge boulders than might reasonably 
be referred to chance. 
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or suddenly increasing temperature, or both; and land-ice as well 
as floating ice would be vulnerable to both these kinds of ob- 
structions. Rising ground would furnish the most permanent and 
fixed obstruction to the transportation of boulders; but in those 
places where the frontal termination of boulder dispersions is not 
coincident with rising ground, contermineity of granite and felstone 
dispersions could only have resulted from close proximity to a per- 
sistent current of water (or air?) sufficiently warm to melt the 
boulder-laden ice. In this way the sharply defined frontal boundary 
of the Criffel-granite and Lake-district-felstone boulders at Bush- 
bury (near Wolverhampton) may have been made to coincide; for 
there the rise in the ground is not sufficient to have furnished an 
obstruction (considering the height of the ground the boulders must 
previously have surmounted). Neither is the rising ground between 
Wolverhampton and Bridgenorth sufficiently continuous to haye ob- 
structed the further transportation of boulders. A warm current 
in front, however, would not cause lateral contermineity ; and we 
accordingly find that the Bushbury granite and felstone boulders 
are not laterally conterminous. As regards the granite and felstone 
of the Lake-district, their proximity to each other in situ renders it 
likely that in many instances they may have been launched at the same 
time and kept company until they encountered one of the local 
obstructions already noticed, im which case they may have been 
conterminously precipitated both frontally and laterally, as in the 
ease of the Burton concentration (see III. § 7). 

6. Overshot Boulder-loads—So far as has yet been discovered, 
there would appear to be different boulder-groups, like fallen loads, 
which occur along the same lines of dispersion too regularly to admit 
of the supposition that one deviated from its straight-onward course 
so as to come in front of or behind another. In these cases it may 
be allowable to suppose that one of the boulder-loads came to rest 
before the other passed over its site, and was precipitated a greater 
or less distance in advance of it, so as to prevent a commingling of 
the two boulder-loads. These may be called overshot boulder-loads ; 
but the term may likewise be applied to loads which have passed 
over the sites of previously precipitated loads obliquely, and not 
along the same lines of dispersion. Of both these kinds of loads 
instances will be noticed in the sequel. Some of them are large 
enough to be called intermediate concentrations. 

7. Changes in the Positions of Boulder-laden Currents accompanying 
Changes in Surface-level and Temperature.—Ilt seems very obvious 
that currents must have changed their positions, and (with the ex- 
ception of a general southerly trend in the northern drift-area) their 
directions, as the land sank and rose; and (as a consequence) the 
depth of the sea varied. This must likewise have been the case as 
the temperature of the water changed, not only in particular spots, 
but over the whole of the boulder-strewn area. Facts mentioned in 
the sequel would seem to show that during the first stages of the 
submergence the cold, and consequent extent of floating ice, increased 
southwards, and that during the last stages (while the land was 
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rising) the cold and ice decreased northwards. This accords with 
the fact that many of the boulders which must have gone over 
ereat heights are found far south, and likewise with the fact that 
the boulders in the latest of the deposits left by the great submer- 
gence gradually die out until they disappear in the low-level sands of 
the Cheshire and Lancashire plain. It is probable that the maximum 
of cold (during the submergence) was not reached until the land 
had sunk to a considerable depth. It must have taken much thick 
ice to transport the myriads of large granite blocks found as far 
south as Wolverhampton—blocks which could not have reached their 
destination without a submergence of at least from 500 to 650 feet. 
It must have taken still thicker ice to have transported the larger 
Arenig boulders now found around the Clent and Lickey hills, 
boulders which could not have cleared the Welsh mountains under a 
less submergence than 1000 feet, at a time when the “cold wall” 
had been pushed to its extreme southerly position. This low tem- 
perature may possibly have continued until the submergence had 
reached about 1400 feet, the reason for this suggestion being that 
the shells found on the summit of Moel-y-Tryfaen (near Caernarvon) 
indicate a colder climate than any shells found at a lower level in 
the western part of South Britain (see Mr. Shone’s paper, Quart. 
Journ. Geol. Soc. for May 1878, p. 393)*. I do not, however, wish 
to attach too much value to this suggestion. 

8. Causes of Radiating or Fan-shaped Boulder-dispersions.—All 
the great boulder-dispersions, and some of the smaller ones, are more 
or less fan-shaped ; in other words, they have radiated from an area 
much narrower than their terminal breadth. This radiation has 
occurred not only where the parent area is backed by lower ground, 
but likewise where it is backed by higher ground, and by ground 
approximately on the same level. The form of the ground, there- 
fore, has had little to do with the radiating character of the disper- 
sions. The ground behind the parent area is generally destitute, or 
nearly destitute, of boulders derived from that area. This fact has 
been adyanced as a proof that the distributing agent must have been 
land-ice, the persistent forward movement of which prevented any 
dispersion in a contrary or backward direction. The same effect, 
however, may have been produced by a persistent ice-laden current 
of water, or by winds mainly blowing from the same point of the 
compass, but changing their directions within certain limits during 
the submergence or emergence of the land. It is perhaps worthy of 
remark, though too much importance ought not to be attached to 
the fact, that the direction of the main part of the Arenig dispersion 
coincides with that of the anti-trade winds. The Shap-fell granite t 

* ‘The gravel-and-sand (with boulders) very near the highest point of Moel- 
y-Tryfaen has yielded the following Arctic and Scandinavian shells, which have 
not yet been found at a lower level in the drifts of Cheshire, Lancashire, &e. :— 
Astarte depressa (erebricostata) ; Natica affinis ; Trophon clathratus, var. scalari- 
Jormis, and var. Gunneri. 

+ Having already, along with other geologists, written on the Shap-fell dis- 
persion, I shall at present only direct attention to the discovery of the ¢erminal 
concentration (with a few stragglers further south) of a stream of Shap-fell 


430 D. MACKINTOSH ON THE ERRATIC BLOCKS OF 


has been chiefly dispersed in much the same direction, the thickest 
part of both dispersions being in a direction about E.N.E. from the 
parent area. In the case of the Arenig dispersion the ground behind 
the parent area is lower than the area itself. In the Shap-fell dis- 
persion the reverse is the case; in other words, the average level of 
the ground behind the parent area is higher ; and this is also the case 
with the Eskdale area. The Criffel dispersing-area, like the Arenig, 
is backed by lower ground. In all these cases the ground in front 
is at the lowest level; and this may have had something to do with 
the direction of the dispersions. The central direction of the first 
stage of the Eskdale dispersion is 8.8.W.; after its reappearance on 
the south and east coast of the Irish sea, its central direction is 
between 8S. and §.8.E. The central direction of the first stage of 
the Criffel dispersion may be under the sea, and therefore cannot be 
ascertained. Southwards it runs 8.8.E. 

9. Extent of Area strewn with northern Boulders, and their general 
Mode of Occurrence.—Leaying the north, north-east, and east part of 
the Shap-fell dispersion and the Welsh part of the Arenig dispersion 
at present out of consideration, the extreme length of the great 
northern drift-area, from the Solway Frith to the neighbourhood of 
Bromsgrove (Worcestershire), is nearly 200 miles, and the extreme 
breadth, from the Forest Smithy (between Buxton and Macclesfield) 
to Beaumaris*, about 90 miles. Were all the boulders in this area 
to be disinterred without disturbing their positions horizontally, and 
were those which have been “ massacred,” or horizontally displaced, 
to be restored, and brought to their original sites, I believe they 
would show little preference for any particular form of ground, 
whether flat, low, elevated, rising, or fallmg. As they now exist 
they are often found on elevated ground; but it is probable that on 
low ground they are often concealed by the upper Boulder-clay 
which generally contains very few large boulders. They may often 
be seen at the bottoms of ravines, where they have been exposed by 
the brooks washing away the clay or sand in which they were im- 
bedded. They may likewise often be seen accumulated on the up- 
stream side of an eminence or pass; but as regards the latter they 
are more frequently to be found on the lee side, as if their inertia 
had carried them forward some distance after grounding. On the 
large scale the most noticeable fact connected with boulders is their 
tendency to accumulate near to the commencement or termination 
of their courses. Terminal concentrations may be readily explained 
by supposing successive accumulation behind (for the required time) 


granite blocks around Whasset and Milnethorpe, south of Kendal (Geol. Mag. 
for July 1871). It must have come from about N. 15° E., or, by way of Kendal, 
from Wasdale Crag, over ground at least 1300 feet above the present sea-level. 
Its direction is a little west of the opposite border of the dispersion, which runs 
north of Wasdale Crag, thus showing that the dispersion radiates over a little 
more than halfacircle. This radiation is not all continuous, however, excepting 
in the immediate neighbourhood of Wasdale Crag, the Milnethorpe branch 
being isolated. 
* T have not had an opportunity of tracing it further west than Beaumaris. 
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a permanent obstruction to further transportation. Initial con- 
centrations are not so easily explained; but the conjecture may be 
hazarded that much of the ice which was able to launch the boulders 
would be incapable of carrying them beyond a small distance. It 
may likewise be supposed that the parent mountain would protect 
many of the previously launched boulders in front of it from being 
carried away, by its interfering with the straight-onward course of 
currents of air or water or (as some would believe) land-ice. In- 
stances of such concentrations, and also of intermediate concentrations 
arising from local obstructions, will be described in the sequel. 
Most of the erratic small stones in the northern part of the boulder- 
strewn area consist of ‘Silurian grit” from the Lake-district and 
south of Scotland; and in the plain of Cheshire and Lancashire they 
are much more frequently flattened and uniformly grooved than any 
stones of which I can hear in any part of the world, not. excepting 
the neighbourhood of the winter-quarters of the late Arctic expe- 
dition*. Among the larger boulders those derived from felspathic 
rocks generally predominate, excepting in the granite concentrations. 
Criffel and Eskdale granite come next in order of frequency ; and we 
accordingly find that felstone and granite rocks 7m sitw are the most 
lable to break up into large blocks. In the above boulder-area 
(away from the Lake-district) I have not seen a single instance of 
a perched block. 


Il. Tee creat KigxcuDBRIGHTSHIRE GRANITE-DISPERSION. 


1. Boulder-supplying Capacity of Criffel—Initial Concentration. | 
—It is probable that many small Silurian-grit erratics were dis- 
persed from the south of Scotland ; but how many it is impossible to 
say, because (as Prof. Ramsay tells us) they are often quite undis- 
tinguishable from Lake-district Silurian grits. The exposures of 
compact felstone are so limited on the south coast of Scotland as to 
render it improbable that many of the large felstone blocks of the 
northern drift-area came from that quarter. It must, however, 
have sent off a considerable number of large blocks of metamorphic 
rocks and a few of Silurian grit and slate, as they may be found 
scattered as far south as the terminal concentration west and north 
of Wolverhampton. The granite-dispersing capacity of Kirkcud- 
brightshire must have been very great. ‘There are three granite 
masses many miles in diameter, but Criffel mountain and the neigh- 
bourhood would appear to have sent off the great majority of the 
boulders. Many parts of the mountain are now covered with loose 
granite blocks, and the configuration of the ground may haye ad- 
mitted of small glaciers, on the sides of which angular blocks may 
have fallen. Nearly all the Criffel blocks (as already stated) are 
angular or subangular, excepting where an approximately spheroidal 
structure probably existed ; and they may have been transported on 

* Mr. De Rance, F.G.S., who examined the stones brought home by Capt. 
Feilden, informs me that they were not so distinctly glaciated as those of the 
Cheshire and Lancashire plain. 
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the tops of small icebergs after the sea became deep enough to float 
them, or they may have escaped being rounded on the sea-shore 
before being launched by floating coast-ice. I chiefly observed the 
Criffel boulders on the plain of Cumberland opposite the mountain, 
where they are very numerous, though I was not able to trace them 
to a greater height than about 400 feet. Nearly all the different 
kinds of granite found in the mountain and about Dalbeattie are 
represented in the south-west part of the plain ; but the large-grained 
granite, or granite with large crystals of felspar, from the lower part 
of the mountain greatly predominates*. 

2. Dispersion to North Wales.—Kirkcudbrightshire granite has 
found its way in small quantities to North Wales, where it may be 
found along the coast at intervals from Flint to Colwyn Bay, and 
thence to Penmaenmawr and the neighbourhood of Beaumaris. In 
the eastern part of North Wales it has seldom penetrated far into 
the interior, the furthest south boulders of it I have seen being 
about one mile south of Denbigh, near the Ruthin road. In the 
western part of North Wales it has gone as far south as the top of 
Moel-y-Tryfaen, where I found pebbles of it at a height of nearly 
1400 feet above the sea. It was accompanied by Eskdale granite ; 
and in the same drift-gravel I found a pebble of unidentified red 
granite, precisely similar to one I found on the beach of West Cum- 
berland and to another I saw on the beach at Blackpool. 

3. Course of Dispersion along the west Border of the Cumberland 
Mountains, §¢.—It is impossible to say how much of the Criffel 
dispersion lies under the Irish Sea. On the coast south of Work- 
- ington it becomes very narrow; and further south the great road 
from Whitehaven, by way of Egremont to Ravenglass, roughly 
describes its eastern boundary. Near St. Bees it comes into rect- 
angular collision with the exodus of fine-grained syenite from 
Ennerdale. About Drigg it crosses to some extent the course of the 
commencing Eskdale-granite dispersion, and along the coast becomes 
slightly intermixed with it; but before reaching the mouth of the 
estuary of the Duddon, the Criffel boundary goes under the sea to 
remain concealed 7 until its reappearance in the neighbourhood of 
Blackpool, where it is well represented on the beach. From Black- 
pool south-east I have not explored the boundary, though it probably 
runs in the direction of Manchester, where, in the Peel-Park 
*‘bouldery,” I saw one Criffel along with nineteen Eskdale granite 
boulders. Kast of Manchester, Criffel boulders are very scarce. 

* Criffel granite always contains more or less black mica, a characteristic by 
which it may generally be distinguished from Eskdale granite; but most of the 
granite blocks of the iitial concentration on the plain of Cumberland contain 
comparatively little black mica. The largest blocks I saw were on the sea- 
coast at Flimby. Four of them measured about 83 x7 x3 feet. They presented 
a rudely linear structure, and one of them contained a dark ‘“‘ whinstone” patch 
about two feet in diameter. Such patches are very characteristic of Criffel 
granite, but not exclusively confined to it. Criffel blocks have gone over the 
plain of Cumberland as far east at least as Gilsland, and up the valley of the 
Eden (in the teeth of the Shapfell dispersion) further south than Penrith. 


+ Criffel granite might probably be found among the large granite boulders 
of Walney island, which I have not seen, 
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4. Dispersion to Macclesfield Forest—furthest east and highest 
Boulders.—¥rom the neighbourhood of Manchester the east boun- 
dary of the Criffel dispersion crosses the western slopes of the 
Pennine hills to the interior of the very hilly and almost treeless 
region called Macclesfield Forest. At Macclesfield I took little 
notice of the transplanted boulders, so as to have more time to 
examine those in sitw, or nearly so, on the hill-sides further east. 
The larger boulders on or near to the Buxton road are chiefly Lake- 
district felstone and Eskdale granite, the smaller chiefly Lake-district 
felstone and Criffel granite. In front of and around the ‘Setter 
Dog’ inn there are many small Criffel boulders. The highest I 
could find was about half a mile from the ‘Setter Dog,’ on the side 
of the road called Dirty Gate or Chapel Lane, which leads from near 
the ‘Setter Dog’ to Forest Chapel. It was associated with three 
small felstone boulders close to an unroofed cowshed, at a height of 
about 1400 feet above the sea*. Boulders had previously been 
reported up to this height by the eminent geologist Mr. Binney, 
F.R.S., without, however, specifying Eskdale or Criffel granite. 
The approximate identity in altitude between the Dirty-Gate Criffel 
boulder and the Moel-y-Tryfaen Criffel pebbles seems to favour the 
idea of the uniform emergence of the land from the glacial sea. 
The spot where the sea-shells were found by Prof. Prestwich (1200 
feet above the sea) could be looked down upon from the site of the 
highest Criffel boulder; but as more or less rounded pebbles could 
be seen all the way between the two, it is possible that a diligent 
search might disclose gravel with shells at a higher level than 
1200 feet. From Macclefield Forest the Criffel boundary runs south 
along a line not further west than Stoke-on-Trent (where, in clay- 
pits, I found Criffel predominating over Eskdale granite), Stafford, 
and Bushbury. Further east than this line a little Criffel granite 
might be found; but I have not been able to see any as far east as 
Lichfield. Among the thousands of pebbles which have been brought 
from the neighbourhood to pave the streets of Lichfield I could 
detect no granite of any kind, though a coarse kind of Carboniferous 
grit, which at first sight somewhat resembled granite, might occa- 
sionally be seen, and I found a pebble of a dark kind of felspathic 
rock (probably from Charnwood Forest). In Stafford there are 
several large boulders of Criffel granite, and in the street pavements 
a considerable number of Criffel pebbles. At Ashflat clay-pits, south 
of Se Daly a few Criffel boulders and pebbles may be seen. 

. Dispersion over the Peninsula of Wirral, Cheshire Plain, §¢.— 
flr fee west and highest Boulders.—One of the main boulder-streams 
from Criffel would appear to have curved round the west border of 
the Cumberland mountains, and then gone §.8.E. along the present 


* The summit of the eminence on the side of which these boulders occur is 
1571 feet above the Ordnance-datum plane; but I could see no trace of rounded. 
gravel or boulders higher up than about 1400 feet. On the summit and decli- 
vities of Shining Tor, about six miles east of Macclesfield, I could see no 
boulders, This eminence is one of the highest of the Pennine range, being up- 
wards of 1700 feet. 
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bed of the Irish Sea to the peninsula of Wirral and the south-west 
corner of Lancashire around Liverpool. In the higher part of 
Liverpool Criffel granite greatly preponderates over Eskdale, and in 
the back streets there are many large boulders of this granite, which 
we have no reason to suppose were brought from any considerable 
distance. Jn the excavations for the New North Docks numerous 
large boulders of Scottish “‘ greenstone” were found. But it is chiefly 
in the peninsula of Wirral, between the estuaries of the Dee and 
Mersey, that Criffel-granite boulders are found; and there they are 
associated, not only with ‘‘ greenstone,” but with numerous large 
boulders of felstone, felspathic porphyry, and strongly marked fel- 
spathic breccia (from the Lake-district), which, for reasons already 
stated (see I. § 7), must have been transported at a separate period. 
They may be seen in every village in the peninsula; but they occur 
so plentifully between West Kirby and Parkgate as to suggest the 
idea of an intermediate concentration. They may be best studied on 
the sea-coast at Dawpool, between the two spots marked “ Lime- 
kiln” on the one-inch Ordnance Map. ‘There they have been prin- 
cipally washed out of the lower part* of the Lower Boulder-clay, 
which upward becomes less stony, until it is surmounted by a nearly 
stoneless sand, which is capped with Upper Boulder-clay. The clay 
cliffs present a variety of details which are calculated to bewilder 
the observer who has not frequently studied them as fresh faces 
are exposed by the constantly encroaching waves. Both upper and 
lower clays are undoubtedly stratified ; and though the erratic stones 
(which in the lower clay are generally angular or subangular, and 
in the upper clay more or less rounded) occur in all positions in the 
clay, relatively to their longer axis, they are sometimes grouped in 
the same divisional plane, with their upper surfaces striated in the 
same direction, in this respect somewhat resembling Hugh Miller’s 
‘striated pavements.” Further south there are many Criffel boulders, 
especially about Neston, and they may be seen predominating over 
Eskdale all the way to Chester. The large boulders which may be 
seen in the poorer quarters of Chester (where they answer the pur- 
pose of seats for aged women on summer eyenings) have been col- 
lected from excavations made for house-sites &c., or brought from 
the neighbourhood, ever since the time of the Romans. Many of 
the smaller stones with which the courts and some of the streets are 
paved are said to have been brought by water from the shores of 
the estuary of the Dee. Among the stones, as usual, Silurian grit 
predominates. I once made a survey of all the large boulders I 
could find, which resulted in 41 Lake-district felstones, more or less 
porphyritic and brecciated ; Criffel granite 15 ; Scottish “ greenstone” 
9; Eskdale granite 9; Lake-district syenite 2; Carboniferous lime- 


* This lower part is a stratified loam (often quaquaversally arranged) in 
which the boulders and smaller stones are very unequally scattered, many parts 
of it being almost stoneless. At Dawpool it is the ouly representative of the 
Lower Boulder-clay which is exposed on the sea-coast near Bootle, Cumberland, 
at Blackpool, and in Colwyn Bay, North Wales, where it is underlain bya blue 
clay almost entirely destitute of erratics, though full of local stones. 
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stone 2; Silurian grit 2=80. But this survey probably did not 
include nearly all the large boulders, though I have no doubt of its 
being approximately correct as regards the great preponderance of 
Criffel over Eskdale granite, and the preponderance of felspathic 
boulders over both. South of Chester, on a line with the great high- 


way of boulder-transportation, Criffel-granite boulders become com- 


paratively rare, and this rarity (so far as I have seen) continues until 
the great terminal concentration is reached. The partial exhaustion 
of the Criffel dispersion south of Chester may be explained by sup- 
posing that while the sea continued shallow the rising ground of 
the peninsula of Wirral intercepted the boulder-laden ice, and that 
afterwards as the sea deepened, the ice met with few obstructions 
or accidents until it reached the border of the warm current south- 
west and north of Wolverhampton, West of the river Dee a few 
Criffel-granite boulders may be found, the furthest west (a mere 
straggler) being about a mile west of Mold. Several may be seen 
south of Caergwrle and Wrexham. I did not see any in Oswestry 
large gravel-pit, or further west than between Welsh Frankton and 
Whittington. The Criffel boundary then runs south to the neigh- 
bourhood of Cardington, near Church Stretton (where I saw a small 
Criffel-granite boulder); but I have not had time to trace its precise 
course. I haye not seen any Criffel boulders at any considerable 
height along the western boundary; but, from what I can learn 
from Prof. Hughes, it is probable that they might be found quite 
700 feet above the sea between St. Asaph and Halkin mountain. 

6. Dispersion over Delamere and Peckforton Hills—Among the 
numerous large boulders found about Helsby, Frodsham, Overton, 
and other towns or villages on the north and north-east sides of the 
Delamere hills, as far south as Delamere church, a few large Criffel- 
granite boulders may be seen, but Scottish “ greenstone” (with a few 
exceptions *) is absent. On the Peckforton hills, so far as I could see 
before the late removal of most of the boulders, Criffel-granite boulders 
were likewise rather scarce, though one of moderate dimensions may 
still be seen near the tower on Mr. Lee’s farm, about 650 feet above 
the sea, There is a very large Criffel boulder at Barrow (west of 
the Delamere hills) and a considerable number at Tattenhall, north- 
west of the Peckforton hills, one being 6x3~x3 feet. In Rock- 
Savage railway-cutting (near Runcorn, north of the Delamere hills), 
when first made, two large Criffel-granite boulders, and one large 
Scottish-‘‘ greenstone” boulder might be seen at the base of the lower 
clay 7 (along with Eskdale-granite boulders). These Criffel granites 
may possibly lie in the course of the boulder-stream which dropped 
large blocks at Stafford, Market Drayton, and Bushbury. 

7. Criffel Boulders at Market Drayton, §c.—Around Market 
Drayton the Upper Boulder-clay, which covers the greater part of 
Cheshire like a pall, begins to thin out south-eastward. In a clay- 


* One about 3x3X2 feet may be seen at the corner of a ladies’ boarding- 
school in Overton, 

+ Several of these boulders had evidently crushed down the Triassic marl on 
which the Boulder-clay rested, as if they had fallen from a considerable height, 
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pit near the railway station it is found, as usual, above the middle 
sand. It contains Bunter pebbles, felstone, &c. The large boulders 
disclosed by the plough, pick, and spade in the neighbourhood would 
appear to belong to the base of the sand, the Lower Boulder-clay 
having thinned out. In Market Drayton I saw a number of very 
large boulders of Criffel granite, their surfaces, as usual, rough, 
subangular, or angular. ‘They had been brought from the imme- 
diate neighbourhood, or found in digging for house-sites, &c. I 
could see very little Criffel granite further east than Market Drayton, 
though between that place and Whitmore railway-station, by way of 
Ashley, it was not altogether absent. Between Market Drayton 
and the neighbourhood of Albrighton, Criffel-granite boulders occur 
at intervals; but scarcely any are to be seen between Crudgington 
railway-station and Shrewsbury, and very few west of a line drawn 
from Crudgington to Chester. 

8. Enormous terminal Concentration of Criffel Boulders W.S.W. 
and North of Wolverhampton—Meeting of a cold with a warm 
Current?—Floating ice versus Land-ice-—These granite boulders 
have often been noticed, but no one attempted to work out their 
derivation until 1874, when, from a previous familiarity with 
Criffel granite further north, I had no difficulty in identifying them. 
They are associated with, or rather overlap, a few large and small 
Lake-district felstones and porphyries, a very few Eskdale granites 
and syenites, and a considerable number of Eskdale-granite pebbles*. 
The non-granitic boulders, which were probably transported along 
with them, consist of a kind of ‘‘ greenstone” (lighter-coloured and 
coarser-grained than that found in Cheshire), Silurian grit, sand- 
stone, slate, and metamorphic rocks. JI had seen only one boulder 
resembling Arenig felstone until very lately, when I stumbled on 
one 10 feet in length and almost perfectly angular. It had been 
found on the surface of a deposit of clay, afterwards excavated for 
bricks, near the Wolverhampton cemetery. On sending a speci- 
men of it to Mr. Horne, F.G.S. (of the Geological Survey of Scotland), 
he confirmed my opinion that it did not come from the south of 
Scotland; and on afterwards comparing specimens from it with 
Arenig specimens, I came to the conclusion that it was a miscarried 
boulder belonging to the Arenig overshot load which was precipitated 
around the Clent and Lickey hills. Its position on the surface of 
the clay may have been owing to its having fallen at a later period 
than the Criffel concentration. In the clay-pit I saw a ‘“ greenstone” 
similar to one of the Criffel varieties, a rounded Lake-district fel- 
stone, &c. The great majority of the Criffel-granite boulders le 
between 300 and 600 feet above the sea; but they mostly occur in 
positions, including the lee sides of eminences, which show that the 


* These pebbles have been seattered some distance beyond the boundary of 
the Criffel boulders south of Bridgenorth,:south-east of Bushbury, &e., a fact 
which can be best explained by supposing’ that: the Hskdale granite with the 
Lake-district felstone had been transported before the Criffel boulders. 


+ It had previously been seen and made the subject of an open-air lecture by 
the Rey. H. W. Crosskey and friends. 


ke 
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submergence must have reached at least from 500 to 650 feet (as 
already stated) before they could have been transported. Most of 
them consist of a kind of granite which must have come from the 
upper part of Criffel mountain, and some of them may have come from 
other granite heights in Kirkeudbrightshire. The larger granite 
boulders may be seen most thickly congregated about Seisdon, in 
the lane between Seisdon and the ‘ Fox’ inn, and north of the ‘ Fox’ 
inn, where I saw many which had lately been dug out of a loamy 
clay. About Trescott they are very abundant, and many may be 
seen in the lanes branching off north and south from the Wolver- 
hampton and Bridgenorth road. They are well represented in the 
streets of Bridgenorth, especially near the river, where I saw no 
other kind of granite, though a little Eskdale might probably be 
found. ast of Seisdon, along the Wolverhampton road, Criffel 
granite nearly disappears until the immediate neighbourhood of 
Wolverhampton is reached. Many large boulders of it may be 
found in the poorer quarters of the town, especially in back lanes 
and courts; and numerous moderate-sized ones have been dug out 
of the numerous clay-pits near the Hospital, Clarkson’s clay-pits, 
&c. North of Wolverhampton, at Bushbury, they are very large 
and numerous, especially around Moseley Court, near the church, 
and on the top of Bushbury hill close to a large gravel-pit. They 
may be found some distance north of Bushbury, but gradually thin 
out in the direction of Stafford. About Bushbury they are associated 
with many large Lake-district felstones, which are not conterminous 
with the granite, excepting on the east, where there may have been 
a persistent local obstruction (see I. $5). The great mass of the 
Criffel concentration between Wolverhampton and Bridgenorth gra- 
dualiy thins out north towards Pattington, though a number of 
large boulders may be seen at least as far north as Albrighton. 
The south boundary of the concentration is, in most places, very 
sharply defined. It extends from a short distance south of Bridge- 
north to Mose, and thence by Bobbington to Swindon (near Himley), 
between which and Stourbridge I could not see a single fragment of 
granite or any rock foreign to the district. Neither could I see a 
fragment of foreign rock between Swindon and Dudley. Last of 
Swindon the Criffel boundary runs north-east towards the neigh- 
bourhood of Wolverhampton, and thence northward by Bushbury 
hill. The great Criffel concentration is therefore somewhat crescent- 
shaped, the convex side being the §.8.K., or the side furthest from 
the source of the dispersion. In this respect it bears some resem- 
blance to a terrestrial glacial moraine. Its length from the neigh- 
bourhood of Bridgenorth to the neighbourhood of Bushbury may be 
roughly estimated at about fifteen miles, and its breadth about four 
miles. The largest granite boulders I have seen in this concentration 
are at Trescott, reaching nearly 5 x3}x3 feet, and at Bushbury, 
reaching 44x%4%x3 feet; but I have been credibly informed that 
they reach a larger size near Seisdon, and that some very much 
larger have been buried. There must be many thousands more 
than 3x 2x2 feet; and taking all sizes down to 1 foot in average 
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diameter, and at the same time making reasonable allowance for 
those that have been ‘‘ massacred,” reinterred, or not yet disinterred, 
I think it will follow that the Criffel-granite boulders of this ter- 
minal concentration can only be numbered by many thousands. If 
we make allowances for flattening and striation through being 
dragged by horses* to their present resting-places, very few of the 
boulders can be said to be glaciated. Their rough, subangular, and 
often angular shapes forbid the idea that they were pushed forward 
under a sheet of land-ice. They could not have been transported on 
the surface of the ice, because no one can suppose that an ice-sheet 
with its surface lower than the part of the mountain from which the 
boulders must have come could have moved as far as Wolverhampton 
(170 miles), and during the latter part of the journey up hill. It 
would he contrary to what we know of the purity of the interior of 
Antarctic and Arctic ice-walls and icebergs to suppose that so vast 
an array of boulders could have been carried in the middle of an 
ice-sheet. It may be suggested that land-ice might have brought 
the boulders on its surface as far as the peninsula of Wirral, and 
that they were then transported by icebergs broken off from the end 
of the ice-sheet; but while the peninsula of Wirral furnishes no 
evidence of a change in the mode of transportation, it can be shown 
(see VI. § 1), from a consideration of relative levels, that icebergs could 
not have retransported the boulders as far as Wolverhampton. 

9. Scottish * Greenstone” Dispersion.—At Dawpool, on the coast 
of the estuary of the Dee, the New North Docks, Liverpool, and for 
some miles around, many very large and small boulders of a dark- 
coloured and often decomposing “greenstone” may be found. I 
have traced them as far east as the neighbourhood of Runcorn and 
Overton, and a little further south than Chester. At the New North 
Docks, Liverpool, nearly all the large boulders found during the 
progress of the excavations were ‘“‘ greenstone,” and many of them 
were much flattened and grooved. Fora long time I could not trace 
them to their parent rocks, having failed to see them on the first 
stage of their journey in any part of the Lake-district. I have 
lately been led by Dr. James Geike and Mr. Horne (of the Geological 
Survey of Scotland) to believe that they came from Kirkcudbright- 
shire or Wigtonshire. Some boulders of a rather different kind of 
rock (to which the term ‘“‘ greenstone” would formerly have been 
appled) are to be found associated with the Criffel-granite boulders 
around Wolverhampton 7. 


* One boulder in the late Mr. Mander’s bouldery, Tettenhall, required fifteen 
horses to drag it from Trescott. 

+ Professor Bonney has favoured me with the following remarks on a chip 
from one of the “ greenstone” boulders on the Dawpool coast :—‘ This slide 
is composed of triclinic felspar, augite, olivine, and grains of iron peroxide, 
probably magnetite. There are also a few small scales of brown mica, and a 
little of some zeolite. The felspar crystals are in very fair preservation, and 
rather smaller, as a rule, than those of the augite and olivine, which two 
together make up quite two thirds of the slide, and are not at all decomposed. 
There is no trace of a glassy residuum. ‘The rock is therefore a rather finely 
crystalline dolerite (anamesite of many authors). It is obviously hazardous to 
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Il. Tue great CumBerLAnp GRANITE- AND FELSTONE-DISPERSION. 


1. Boulder-supplying capacity of the Lake-district— Commencement 
of the Dispersion.—Boulders of felspathic rocks varying from coarse 
breccia, tuff, or ashes to compact felstone may have gone south from 
almost any part of the Lake-district situated between Wasdale Crag 
(Shapfell) and the western boundary of the Cumberland mountains. 
Though numerous boulders have gone south from the eastern or 
Westmoreland part of this area, I do not think that many of them 
(east of the river Leven) have found their way far enough south- 
west to become incorporated with the great Cumberland and Kirkcud- 
brightshire dispersions, Many boulders of felspathic rocks, more or 
less accompanied by fine-grained syenite, must have gone south from 
the heights around Wastwater and Ennerdale. Initial concentrations 
of them may be seen near Gosforth and Drigg. Lake-district-felstone 
boulders have been more generally and numerously distributed than 
the granite boulders, though they never occur alone in the form of 
great terminal concentrations. In the Eskdale-granite area there 
are now many loose blocks so situated that were it again to become 
submerged beneath an icy sea, they would probably follow the ex- 
ample of their erratic predecessors. Though this area is much 
smaller than the Criffel area, the ground is much more broken and 
varied, so as to furnish a greater number (in proportion to its size) of 
transportable blocks. Mr. Aveline (of the Geological Survey) informs 
me that very little of the Eskdale-granite area rises above 800 feet ; 
and this confirms the idea (already broached) that the main part of 
the Eskdale dispersion took place before the land had become deeply 
submerged, and probably before the setting in of the great southerly 
extension of the Criffel dispersion. Some parts of the Eskdale- 
granite area, however, exceed 800 feet—for instance, near Devoke 
Water, 1049 feet, and south of the south-west end of Wastwater 
Screes escarpment, 1286 feet. The latter altitude is rather more 
than that of the highest Hskdale-granite boulder I have yet seen, 
but not so high by about 100 feet as the Eskdale pebbles in gravel 
near the summit of Moel-y-Tryfaen. Allround the mouth of Eskdale, 
and south in the direction of Bootle, the granite blocks are thickly 
congregated, and a number of large ones may be found on the west 
side of Blackcombe Mountain, nearly 1000 feet above the sea, which 
may have gone from Rough Crag, north of Devoke Water(?). The 
boundary of the commencement of the dispersion runs along a line 
drawn from near Irton to a little west of Drigg. Between this line 
and the east boundary, which runs along the west side of Blackcombe, 
the dispersion radiates until it is lost under the sea*. 

2. Dispersion to North Wales.—Boulders and pebbles of Eskdale 


conjecture, from microscopic examination only, the geologic age of an igneous 
rock ; but on the whole it seems to me not improbable that this specimen may 
be of Miocene age. JI am not sure how far south these rocks haye been 
traced along the west coast of Scotland.” 

* Hskdale granite has generally white or pale pink felspar, very watery- 
looking quartz, and little or no black shining mica, though silvery mica is some- 
times present. It is often ¢énged of a reddish hue, Most of it is coarse-grained. 
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granite and Lake-district felstone accompany Criffel granite along 
the north coast of Wales, from Flint to Anglesey. ‘They are most 
numerous on Halkin Mountain, near Rhos (Colwyn Bay), Llanfair- 
fechan, Bangor, and Beaumaris. They have found their way into 
the interior as far, at least, as the neighbourhood of Cefn Cave (near 
St. Asaph) and Moel-y-Tryfaen. 

3. North-east and east fowndary Oe ESD Se a ee of 
Blackpool Boulder. South 
of the initial concentration, near Silecroft, the east boundary of the 
granite suddenly bends round and runs up Whicham valley for some 
distance, as if the boulder-laden ice had been blown aside by wind. 
After crossing the south-west end of Millom hill, it runs north-east 
up the Duddon valley, crosses the estuary, and then runs south-east 
by Great Urswick to the sea. It reappears on the east coast of the 
Irish Sea some distance north of Blackpool. On Blackpool beach 
many boulders have becn washed out of the Lower Boulder-clay. 
Eskdale granite predominates over Criffel, and is accompanied by 
large boulders of Lake-district felstone and “Mountain Limestone, the 
latter from the neighbourhood of Carnforth, Burton in Kendal, &c.* 
From the north of Blackpool the boundary runs by Longridge to 
Rochdale, over the western spurs of the Pennine hills, on which 
Mr. Aitken, F.G.8., has found boulders of pink (Eskdale) granite at 
a height of 1100 feet, and felstone and syenite at greater heights. 
From Rochdale it runs south-east to Swineshaw valley (near Staley- 
bridge), where it turns off at right angles to its general course, 
and goes up the valley to an altitude of at least 900 feet. From 
Swineshaw valley it runs south into the heart of the western division 
of the Pennine hills. The furthest east boulder I could find was 
close to Macclesfield-Forest smithy, which is about five miles east of 
Macclesfield town. It was a Lake-district felstone about 3 feet in 
length, and probably about 1300 feet above the sea. Further west, 
on the south side of the Macclesfield road, I found a similar felstone 
boulder about 33 x 22x14 foot. Many large felstone and Eskdale 
boulders may be seen along or near to the road around the ‘ Setter 
Dog’ inn, and between it and Macclesfield. The highest Eskdale- 
granite boulder I could find was a short distance cast of the ‘ Setter 
Dog,’ at a height of about 1200 feet above the sea, or very nearly as 
high as its greatest height in the Lake-district. Among the larger 
granite boulders Eskdale predominates, among the smaller Criffel. 
Besides the felstones (which are often porphyritic) and granites, 
syenite and a kind of rock apparently about midway between 
syenite and greenstone may often be secn in the neighbourhood of 
Macclesfield. South of Macclesfield Forest the boundary of the 
Eskdale granite and Lake-district felstone runs at least as far east 
as Harecastle (where I saw a very large Eskdale-granite boulder 
immediately behind the police-station); Etruria, west of which, in 


* They may be traced on their way §.8.W. at Morecambe, near Lancaster. 

+ Mr. Sainter, F.G.S., in his ‘Rambles round Macclesfield,’ mentions a 
boulder of por phyritic felstone, now in Macclesfield Park, which is about 6 feet 
in average diameter. 
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Basford village, I saw a newly disinterred Eskdale boulder 4 x 24 x 2 
feet ; Stoke-on-Trent, where Eskdale granite may be found in the dine - 
pits; and thence to the neighbourhood of Stafford. In Ashflat clay- 
pits, south of Stafford, Eskdale predominates over Criffel granite. 
From Stafford the main boundary runs south to Bushbury; but 
granite pebbles have found their way further east, though none as 
far as Lichfield. About Bushbury there are many large felstone 
boulders; one, 33 xX3x3 feet, is much glaciated: there are like- 
wise several large Eskdale-granite boulders. 

4. Dispersion. over the Pee of Wirral, Delamere, and Peck- 
forton Hills, Cheshire Plain, 5c.—TYhe largest boulders in Wirral 
consist of Lake-district felstone* and felspathic breccia. Eskdale- 
granite boulders are not uncommon; and most of the small granite 
pebbles are Eskdale. South of Chester, about Farndon &c., most of 
the granite boulders are Eskdale. From the neighbourhood of 
Runcorn, south by Frodsham, Overton, Helsby, and on the slopes 
of the ridge called Delamere Forest, Lake-district-felstone and 
Eskdale-granite boulders are numerous and often very large. On 
the east side of Overton hiil there is a felstone 5x 4 x 14 foot, and 
an Hskdale-granite 4x3 x2 feet. In Frodsham, Helsby, and the 
neighbourhood I saw many Eskdales from 3 to 4 feet in length. 
Large Eskdale and felstone boulders may likewise be seen around 
Delamere church and Eddisbury hill. Mr. Strahan (of the Geolo- 
gical Survey) lately found a boulder of felspathic breccia near 
Hddisbury hill about 10 feet long, which I missed seeingt. On 
the Peckforton range of hills, between Lower Burwardsley and 
Peckforton Point, a number of Kskdale-granite and Lake-district- 
felstone boulders may be seen. On the west side of Buckley hill, 
one of the Peckforton range, the boulders reach nearly 700 feet 
above the sea. Further south, on Mr. Lee’s (formerly Mr. Gerrard’s) 
farm, there were, some years ago, many large boulders, chiefly Esk- 
dale-granite, but nearly all of them were lately sold for “rockery ” 
and removed down hill. In Fuller’s Moor village, at a much lower 
level, I counted seventeen boulders, most of them very large and 
consisting of Hskdale granite. They were not in their original 
position ; but their size must have prevented artificial transportation 
from any considerable distance, especially in a district where native 
boulders are far from being scarce. 

5. Helstone Boulders of Ashley Heath §c.—A zone running §.8.E. 
from the Mersey over the Delamere hills (on or around which the 
largest Lake-district felstones are found) along the general course of 
the miscellaneous boulder-dispersions would pass over the area 
between Market Drayton and Ashley village. As already stated, 

* About Barrow (east of Chester) and the neighbouring villages large Eskdale- 
granite boulders may be seen. 

t On the beach at Dawpool, north of Parkgate, at low water, several very 
large Lake-district-felstone boulders may be seen, one 644 feet. Associated 
with thei there is a boulder 63 * 5 x 44 feet, which is somewhat Arenig-looking ; 
but there is a difficulty in understanding how Arenig boulders could have been 
transported so as to occupy so low a position in the lower clay as that to which 
this boulder probably belongs. 


442 D. MACKINTOSH ON THE ERRATIC BLOCKS OF 


the large Criffel boulders of Market Drayton are accompanied by 
large Lake-district felstones, which are probably the product of a 
previous dispersion. Between Market Drayton and Ashley village 
large felstone boulders are numerous. Opposite a cottage called the 
Red Bull (on the Ordnance Map) the exposed part of a partly blasted 
and partly buried felstone boulder measures 7 x3} feet. Around 
the little-known eminence called Ashley Heath (which is the highest 
ground between the Pennine and Welsh hills north of the Wrekin) 
there are many felstone boulders, and on the summit of the eminence 
a boulder, probably the same as that noticed many years ago by Mr. 
Charles Darwin, may be seen. Only 4x3x1 foot of it is above 
ground, It is apparently a syenitic kind of greenstone. After much 
searching I succeeded in finding it with the intelligent assistance 
of Miss Taylor, of Westfield House, Its height above the sea 
is about 4 feet below that of the top of Ashley Heath, which is 
774 feet above the sea. The Ashley felstone boulders probably lie 
in the same line of dispersion with those around Bushbury village. 
At Ashley they are accidentally accompanied by a few, and at Bush- 
bury by many Criffel-granite boulders probably belonging to a later 
dispersion. 

6. Furthest west and highest Boulders.—West of the lower course 
of the river Dee, Eskdale greatly predominates over Criffel granite. 
It reaches its greatest height (so far as I have noticed) where it 
extends furthest west—that is, on Halkin Mountain, Flintshire, 
where numerous pebbles of it may be found quite 900 feet above 
the sea. Its western boundary runs south by Caergwrle, a short 
distance west of Wrexham and Ruabon, to Oswestry, where, in a 
very large gravel-pit, it is well represented. From Oswestry it runs 
to Church Stretton along a line I have not worked out. The granite 
is accompanied by Lake-district felstone. Large boulders of both the 
granite and felstone may be found at Ellesmere, Whitchurch, Wem, 
Shrewsbury *, on the eastern slope of Haughmond hill, at Admaston, 
near Wellington, &e.7 

7. Remarkable isolated load of Eskdale-Granite and Lake-district- 
Felstone Boulders around Burton, Shropshire.—The houlder-stream 
which suddenly terminated in this abruptly-bounded concentration 
probably went south by the neighbourhood of Shrewsbury. It differs 
from the great Criffel terminal cencentration in its terminating 
suddenly on its up-stream as well as lee side. The area covered by 
large boulders is about one mile and a half in length and one mile 
in breadth. The smaller detritus extends a short distance beyond 
on the lee or south side. ‘The large boulders are most numerous in 
and around Burton village, where the felstones reach 4 x 3 x 13 foot, 
and the granites 33x2x2 feet; but they are likewise numerous 
along the road-side leading up to the grayel-pit near the summit of 


* Tn Shrewsbury, as usual, they are chiefly found in the back streets and 
courts or in the outskirts. 

t The southerly course of the northern boulders has been extensively crossed 
in a south-easterly direction by boulders from the eastern border of the Welsh 
mountains. At Ellesmere, for instance, most of the boulders are Welsh. 
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the hill, which Mr. Maw%*, F.G.S., tells me is 800 feet above the 
sea-level. Here the gravel, which is unstratified, is probably on the 
horizon of the Lower Boulder-clay of Cheshire and Lancashire. 
Numerous rounded pebbles of Eskdale granite are found along with 
Lake-district felstone in the gravel-pit, and many large boulders 
have been dug out of ity. A very few Criffel-granite boulders are 
mixed with the others around Burton; and the reason why both 
are conterminous would appear to be the persistence (fur a time) of 
a local obstruction, probably consisting of the two abruptly rising 
ridges of Ludlow rocks (between which Burton village is situated), 
at a time when the land had been submerged to a depth of between 
800 and 900 feet, in which case the few Criffel boulders may have 
arrived before or after the Eskdale precipitation. There are Eskdale- 
granite stragglers east of Burton, one at Callaughton, 34 x 2 x 2 feet, 
and one, if not more, in Much Wenlock. West of Burton I saw a 
very few stragglers around Cardington, Gretton, and Enchmarsh, and 
one in Church Stretton. Inquirers may be benefited by knowing 
that around Burton boulders are called ‘‘ pimples.” 

8. Supplementary Dispersion of Eskdale- and Criffel-Granite 
Pebbles along the lower part of the Severn Valley.—South of Bridge- 
north, at least as far as the somewhat elevated ground about Sutton 
(west of Hampton-Loade railway-station), many pebbles of Eskdale 
and a few of Criffel granite may be found. Further south they 
gradually disappear, excepting in the immediate neighbourhood of 
the river Severn. About Bewdley they are only to be found in or 
close to the river-channel; and I have reason to believe that this is 
the case the whole way south as far as they extend, with a very few 
exceptions, in which stragglers (probably belonging to the great 
Criffel boulder-dispersion) may have been carried by floating ice. 
An instance of this occurs on the summit of a knoll, 150 feet above 
the Severn, at Apperley Court (about halfway between Tewkesbury 
and Gloucester), where, in a “rockery,” there are several small 
boulders which were found close by, and which, after many attempts 
at identification, I believe may be South-Scottish granite. If so, 
they must have been transported about 220 milest. But with this 
and possibly a few other exceptions, the granite pebbles south of 
Bewdley are confined to low levels bordering the channel of the 
river. They may have been transported by the river during shallow 
estuarine conditions after floating ice had entirely, or almost entirely, 
disappeared; or the transportation may have occurred during a 
southerly extension of the Upper Boulder-clay submergence through 
the Ironbridge gap. During my rambles with the Rev. W. 8. 
Symonds (whose kindness it would be difficult for me to repay) I 


* Mr. Maw first discovered this group of boulders, but did not specify the 
kinds of granite. 

+ Between the grayel-pit and the village I saw a part of a boulder of felspa- 
thic breccia 4X23 x1 foot, the rest of which had been blasted. JI was unable 
to identify a few of the more or less felspathic boulders, but none of them were 
of the Arenig type. 

¢ My attention was directed to these boulders by the Rey. W. 8, Symonds. 
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found two very decided Eskdale-granite pebbles in front of Hasfield 
Court, in fine gravel which had been taken from a low level in the 
neighbourhood. In the streets of Bewdley (and perhaps other 
towns) there are a few good-sized boulders of granite and felstone ; 
but I have been led to believe that they were artificially transported 
from the Bridgenorth neighbourhood at a time when the boating 
traffic on the river Severn was more extensive than at present, 
owing to the introduction of railways*. 


TY. SourH-EAsteRLy EXTENSION OF THE GREAT ARENIG 
FELSTONE-DISPERSION. 


1. Boulder-supplying Capacity of the great Arenig Mountain— 
Initial, Intermediate, and Terminal Concentrations. —As I have 
already described this dispersion in the Quart. Journ. Geol. Soe. 
for December 1874, my present remarks will be almost entirely 
additional. The little and great Arenig mountains, and the escarp- 
ment running south from the latter, furnish a boulder-dispersing 
front about nine miles in lengthy. The great Arenig itself presents 
a precipitous and block-strewn or block-producing front between 
two and three miles in length, and quite 1000 feet above nearly all 
the heights over which the boulders have been transported. The 
radiations of the dispersion include about one fourth of a circle (see I. 
§ 8 and map, Pl. XXII.). Among the initial concentrations the one at 
the east end of Bala lake is the most thickly strewn. A remarkable 
intermediate concentration occurs between Bryn Eglwys and Derwen. 
Terminal concentrations (so far as Wales is concerned) are numerous 
in the neighbourhood of Llangollen; and there is a remarkable one 
around Hryrys, near Llanarmon. I traced these boulders in a north- 
east direction through passes in the Moel Fammau range of hills as 
far as Halkin Mountain, Flintshire—the north-east direction of their 
dispersion from the Arenig corresponding to strize on limestone rocks 
in Grange quarry, near Holywell. The greatest height at which I have 
yet found decided Arenig boulders is about 1900 feet. They are 
generally subangular, often angular, and vary from a very compact 
light bluish-grey felstone to voleanic ashest. Comparatively few of 
the boulders are distinctly brecciated. They are generally very much 
larger and very much less rounded than those derived from the Lake- 
district. The longest I have seen (near Pen-y-bryn, west of Llan- 
gollen) is 17 feet. 

2. Boulders around Chirk and Welsh Frankton.—At the mouth 
of Llangollen vale, about one third of a mile west of Cefn station, 
there is an Arenig boulder 15 x 14 x 10 feet above ground; and about 


* A few small boulders of granite have been found around Birmingham, but 
they may be regarded as mere stragglers from the great granite-dispersions. 
The Rey. J. Caswell found only two small ones in twenty-four square miles 
(British Association Report on Hrratic Blocks for 1877). 

t The Aran Mountains further south may have contributed boulders to the 
Arenig dispersion. 

{ A linear structure is often developed by weathering, and this corroborates 
the general opinion that they are all consolidated volcanic ashes. 
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a quarter of a mile south-east of Chirk bridge another 13 x 7 x 3 feet 
above ground. Between Chirk, Gobowen, Whittington, and Welsh 
Frankton (near Ellesmere) there are many Arenig boulders. West 
of Welsh Frankton, close to where the road crosses a canal, there 
are 8x8 feet of an Arenig boulder above ground. One close to 
Mr. Oswell’s house, Welsh Frankton, is quite 8 feet in average 
diameter. Another, a few yards distant, is 85x6x5 feet. They 
are accompanied by good-sized boulders of Silurian grit and Car- 
boniferous sandstone and quartzite from the Welsh borders. In 
the neighbourhood there are many large and small Arenig boulders ; 
and they may be found as far east at least as Ellesmere, accompanied 
by Mountain Limestone and Millstone Grit from the Welsh borders. 
It would thus appear that the Arenig dispersion must have cleared 
the Welsh mountains in the neighbourhood of Llangollen, and partly 
crossed the southerly course of the Eskdale granite over the Shrop- 
shire plain. 

3. Overshot Boulders around the Clent and Lickey Hulls ( probably 
Aremg).—South-east of Welsh Frankton I have not had time to look 
for a continuation of the Arenig dispersion; it may possibly exist 
under a covering of upper clay. Between Wellington and Wroxeter 
saw afewsmall Arenig-looking boulders ; but between Bridgenorth 
and Wolverhampton there seemed to be few or none of them, though 
this would most likely be their course to the Clent and Lickey hills, 
around which many large felstone boulders have been brought to 
light through the diligent efforts of the Rey. H. W. Crosskey, F.G.S., 
Secretary of the British-Association Erratic-Block Committee. I 
examined these boulders, chiefly between Catshill and Hagley *, in 
a district which seemed to be totally exempt from granite erratics. 
This fact, combined with the size, shape, and appearance of the 
surface of the boulders, supplemented by a comparison of specimens, 
led me to adopt the opinion that they must have come all the way 
from the great Arenig mountain or the neighbourhood. My acquaint- 
ance with the country about Llanymynech, Church Stretton, Burton 
(Shropshire), Much Wenlock, &c. convinced me that the boulders 
could not have come over the Welsh mountains from the Arenig 
mountain along a route further south than the mouth of the Llan- 
gollen and Ceiriog valleys; and the discovery of an extension as far 
as Welsh Frankton and Ellesmere of the Arenig dispersion over the 
Shropshire plain confirmed the idea that this was the route the 
boulders must have taken. The absence of a serics of connecting 
links between Welsh Frankton and the district around the Clent and 
Lickey hills may be explained by supposing that the ice which 
carried the boulders over the lesser Welsh cminences was sufficient 
to float them as far south as the above district. These boulders, 
therefore, may be regarded as an overshot load (or a series of over- 
shot loads) that is shot over the great Criffel terminal concentra- 


* J afterwards could not find any as far south as the latitude of Droitwich. 

+ Similar boulders have been found around Birmingham, including the great 
Cannon-park boulder, and it is probable that they likewise came from the 
Arenig area, 
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tion. But the 10-feet boulder at Wolverhampton and the small 
boulders near Wroxeter (probably Arenig) show that a few boulders 
at least may have been miscarried or dropped by the way. It is 
probable that more of these miscarried boulders may yet be dis- 
covered. Around the Clent and Lickey hills the boulders are found 
in a yaried deposit which I believe to be a representative of the 
Lower Boulder-clay of the north-western plain; and it is worthy of 
remark that in a clay-pit near Preesgweene (Chirk) a number of 
Arenig boulders may be seen lying on or near to the surface of a 
Lower Boulder-clay which is surmounted by a nearly stoneless upper 
or brick-clay (1878). A little consideration will render it probable 
that the Arenig dispersion did not all at once turn round in the 
neighbourhood of Welsh Frankton, and then make its way in a 
straight line to the Clent and Lickey hills, but that it probably 
curved round as shown in the map. By this time the cold must 
have increased so as push the “ cold wall” as far south as the above 
hills; for the positions of at least most of the boulders is such as to 
show that they could not have owed their downfall mainly to the 
circumstance of being intercepted by these hills. There are large 
boulders among the hills up to at least 900 feet (as lately ascer- 
tained for me by Mr. Amphlett, of Clent), but most of them occur on 
the south-west side of the range at lower levels*. 


V. CHALK-FiiInts AND Lirias Fossits assocIatTED with NorRTHERN 
BovuLpErs. 


Chalk-flints have been found by Mr. Aitken, F.G.S., and others 
high up on the Pennine hills ; but as they were more or less associated 
with worked flints of Neolithic age, there must always be some doubt 
about their having been transported by natural causes. I shall 
therefore confine attention to those which have been found imbedded 
in unmodified drift-deposits. In Boulder-clay, or in gravel, I have 
found them at Blackpool, Dawpool, Parkgate (numerous), summit of 
Halkin mountain (about 800 feet above the sea), around Wrexham 
and Ellesmere, in many parts of the peninsula of Wirral, near Run- 
corn, Delamere, Crewe, &c. Mr. Darbishire has found them near 
Leylands (Lancashire); Mr. Watts, F.G.S., at Piethorne, near Roch- 
dale; and Mr. Trimmer on the top of Moel-y-Tryfaen (Caernarvon) at 
a height of nearly 1400 feet above the sea. All these flints belong 
to the basin of the Irish Sea, and have almost certainly crossed the 
general course of the northern boulders on their way from Ireland. 
Gryphea incurva and a fragment of Lias have been found in drift 
near Chester (a specimen now in possession of Mr. Shone, F.G.S.), 
Gryphea incurva by Mr. Watts at  Piethorne, by the late Rey. Mr. 
Thornber at Blackpool, &. They may have come from Ireland or 
from the neighbourhood of Carlisle. I found a chalk-flint near 
Shrewsbury which may have come from Ireland or from Lincoln- 


* Should it yet be proved that the above boulders have found their way from 
West Central Wales by a route distinct from the one I have supposed, it would 
in no way interfere with the courses I have assigned to the northern-drift 


boulders, 


— 
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shire. Mr. Woodward (of Birmingham) found chalk-flints and spe- 
cimens of Gryphea incurva at Lillieshall (east cf Wellington), which 
probably came from the east. Mr. Maw, F.G.S., found chalk-flints, 
bits of hard chalk, fragments of Oolite, and Lias fossils at Strethill, 
near Ironbridge, which probably came from the east, as similar 
erratics can be traced in an easterly direction. I found a chall-flint 
at Seisdon (between Wolverhampton and Bridgenorth); and many 
chalk-flints along with specimens of Gryphewa have been found in 


.the clay-pits around Wolverhampton. All these eastern erratics 


must have crossed the cowrse of the northern boulders near its 
southerly termination; and as both are found associated in the 
same drift-deposit, it seems impossible to explain the intercrossing 
by land-ice or glaciers. I found a number of chalk-flints in the 
Ashflat clay-pits (south of Stafford) and near Bushbury, which must 
have come from the east, because they thin out westward, and they 
are there associated with northern granite- and felstone-boulders. 
South of Wolverhampton and west of the Dudley and Clent 
hills the Bunter-pebble drift has not been much mixed with 
chalk-tlints. I could see none about Kidderminster and Droitwich, 
notwithstanding that in the latter town enormous quantities of 
gravel had just been thrown out of excavations for drains and 
house-sites ; but I have been assured that they are not entirely 
absent. South of Worcester a considerable number have crossed 
the general course of the Bunter-pebble drift as far west as 
Malvern*. The Rey. W. 8. Symonds has found chalk-flints as far 
west as Hafield Camp, south of Ledbury! ‘They have not only 
crossed the course of the southerly extension of the Bunter-pebble 
drift, but likewise the south-easterly course of the angular erratics 
from the Malvern hills. As most, if not all, of the chalk-flints in the 
west-midland counties would appear to have come from Lincolnshire, 
their general course must have been south-west. 


V1. Azssencz oF Strratep RocKk-suRFACES OVER THE SOUTHERN PART 
OF THE BovuLDER-STREWN AREA. 


1. Statement of Facts—Away from the Welsh hills no decided 
instance of a striated rock-surface has yet been met with south of 
the peninsula of Wirral}, and they are almost entirely confined to 
the extreme northern part of that peninsula. Many of the rocks fur- 
ther south are of much the same kind, and equally adapted to receive 
and retain ice-marks. It may likewise be remarked that similar 
exposures of rock-surfaces by the removal of drift are of frequent 
occurrence. ‘To suppose that the Wirral striated rock-surfaces were 


* There must, then, have been a current from the north-east sufficiently cold 
not to melt the straggling ice by which the flints were transported. 

+ I lately stumbled on an instance of somewhat doubtful strize on Haughmond 
hill (near Shrewsbury), a short distance east of Haughmond Abbey, on the side 
of an old quarry just beyond a quarry now worked at the termination of the 
central greenstone protrusion. ‘The directicn was about north-west and south- 
east. If real striae, they may have teen made by ice-borne boulders from North 
Wales. 


@.5.G.8. No. 139. Be: 
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caused by a sheet of land-ice which went no further south, and that 
the boulders found between them and the southerly termination of 
the northern drift were transported by icebergs broken off the end 
of the ice-sheet, is opposed by the fact that the levels of the striated 
rock-surfaces which the bottom of the ice must have touched are 
generally not more than 100 feet above the present sea-level (near St. 
Silas’s church, Liverpool, about 160 feet); in other words, the levels 
are so low that the bottom of the icebergs could not have gone over 
the boulder-strewn higher ground further south, some of which reaches 
nearly 800 feet. On the other hand, small icebergs or large masses 
of floating coast-ice, from Kirkeudbrightshire or Cumberland, may 
have reached the spots where the striated rocks are found, while the 
higher ground to the south may have checked their further progress. 
Should it be said that land-ice may have reached as far as the above 
striated area, and that after its disappearance boulders may have 
been carried by floating ice from their parent rocks, it may be replied 
that we have no evidence of the existence of this land-ice, unless the 
striated rock-surfaces can be proved to furnish an evidence; but, on 
the contrary, I think they can be best explained by floating ice. 

2. Age and Origin of the Striated Rock-surfaces around Birkenhead 
and Liverpool.—These surfaces are all flat, or very nearly so, even 
where the rock would evidently have admitted of being rounded. They 
often present the appearance of the previously uneven rock-surface 
having been uniformly planed down or shaved across. Mr. Darwin 
was perhaps the first to make a distinction (in 1842) between rock- 
surfaces glaciated by land-ice and by floating ice, the former showing 
a tendency to be dome-shaped. In North Wales (where Mr. Darwin 
studied the phenomena), and still more in the Lake-district, roches 
moutonnées are coextensive with the other traces of land-ice, and we 
are not justified in assuming the former presence of land-ice where 
they are entirely absent. All the striated and planed rock-surfaces 
around Birkenhead and Liverpool are covered (so far as I have seen) 
with Upper Boulder-clay which, without any change in its character or 
intervening detritus, touches the striated rock-surfaces. The latter 
look as fresh as if they had been formed yesterday ; and these facts 
would seem to point to the conclusion that while the striated surface 
was still submerged the overlying clay was accumulated. 


VIL. Remarks on Locat BovuLpER-DISPERSIONS. 


Boulders have probably been dispersed from either the Delamere 
or Peckforton hills, as (according to Prof. Hull) they are the nearest 
localities from which a very large block of calcareous conglomerate 
I found in Mr. Jones’s clay-pit near Wrexham could have been 
derived. Its course must have crossed that of the Eskdale granite 
with which, in the clay-pit, it 1s associated. Haughmond hill has 
sent off fragments in the direction of Shrewsbury, around which 
they may be found in the lower gravel and Upper Boulder-clay. 
According to Mr. Maw the Wrekin and neighbouring eminences 


THE WEST OF ENGLAND AND EAST OF WALES. 449 


must have sent off fragments to Strethill, near Ironbridge*. It is 
well known that Charnwood Forest and Mount Sorrel have dispersed 
boulders in many directions—according to Mr. Lucy, F.G.8., as far 
as the Cotswold hills, and—according to Dr. Buckland, as far south 
as Abingdon and as far 8.S.E. as Dunstable. Should it be surmised 
that these local dispersions were effected by floating ice after the 
disappearance of the great ice-sheet, it may be replied that many 
of them have been found imbedded in a Boulder-clay which is 
probably a continuation of the Great Chalky Clay of the eastern 
counties. 


VIII. Posrrtons or BouLpDERS RELATIVELY TO THE Matrix oF 
DriIrt-DEposIts. 


1. Along the Valley of the Dee §c.—Between Bala Lake and Ruabon 
the transition from high- to low-level drift, on the same horizon, may 
be clearly seen. Filling up abrupt hollows there is a clay or loam, 
with boulders, which may have been left by the passage of land-ice. 
Above this deposit (where it is present), or resting on the rock- 
surface, there is a heterogeneous accumulation consisting of clay, loam, 
and unstratified subangular gravel, the whole interspersed with 
boulders, which, however, are most frequently seen towards the 
base or top of the formation. This boulder-drift thins out upwards 
on the hill-sides, where it graduates into a chip-and-splinter drift, 
with an occasional rounded stone, and large boulders which (where 
there is little or no drift-matrix) appear on the surface. About 
Corwen very fine sand with drifted coal (drifted up the valley of 
the Dee in the teeth of the boulder-dispersion) either comes over 
this boulder-drift or is interstratified with it. Between Corwen and 
Ruabon, by way of Llangollen, there is generally but little clay in 
the boulder-drift, and it is often seen to graduate downward into 
angular débris and broken-up rock im situ. About Ruabon it 
graduates horizontally into the lowest drift of the plain of Denbigh- 
shire and Shropshire, which is either a Boulder-gravel or a Boulder- 
clay, and the latter graduates northward into the Lower Boulder-clay 
of the Cheshire and Lancashire plain. Considering the difference of 
level, the age of these deposits cannot be the same, though they are 
horizontally continuoust. In the Denbighshire plain the Arenig 
boulders are principally found in the lowest gravel, or gravelly 
loam, clay, and sand; but in the neighbourhood of the mountains 
they are not absent from the overlying finer gravel and sand. Ata 
distance from the mountains, in the low-lying fine gravel and sand of 
Cheshire and Lancashire, boulders are never to be seen. It would 
be difficult to ascertain whether the Arenig boulders found in the 
drift-deposits of the Denbighshire plain bordering the Welsh moun- 
tains were dispersed during the sinking or rising of the land, or 
both. 

* Mr. Percival has found fragments from the Wrekin area as far S.E. as 
Moseley near Birmingham, and nearly as far H. as Lichfield. 


+ For this yery convenient phrase I am indebted to Mr. 8. V. Wood, jun, 
E.G.S. 
212 
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2. Along the Coast of the Irish Sea &c.—Assuming the terrestrial 
origin of the blue clay with local boulders which extends from the 
neighbourhood of Keswick to the Irish Sea (under all the other drift- 
deposits), and reappears on the coast of North Wales, and correlating 
this blue clay with the lowest or “‘ waxy” pinnel of the southern part 
of the Lake-district, there would still be an extensive heterogeneous 
deposit of argillaceous, gravelly, and sandy pinnel in and around the 
borders of the Lake- district ; and this, along the shores of Morecambe 
Bay, may be traced graduating into the Lower Boulder-clay of the 
plain of Lancashire and Cheshire. ‘The lower part of the clay-cliffs 
between Bardsea and Baycliff (near Ulverston) are evidently on the 
same horizon as the lower part of the clay-clifts at Blackpool, while 
the latter is a perfect facsimile of the lower part of the clay-cliffs at 
Dawpool, Cheshire (see II. $5). All along the east coast of the Irish 
Sea the boulders are most numerous towards the base, or in the 
loamy part of the Lower Boulder-clay. This would seem to indicate 
that there must have been a depth of water sufficient to enable the 
boulder-laden floating ice to clear the minor eminences before much 
of the lower clay was deposited. The far-transported boulders, such 
as the Criffel granites around Wolverhampton, differ to a considerable 
extent from those found at Dawpool, so as to indicate deeper water 
when they were transported. If so, the Boulder-clay and equivalent 
gravel and sand around Wolverhampton may represent the upper 
part of the Boulder-clay of the basin of the Irish Sea. 

3. In the Plain of Cheshire, Shropshire, fe.—The Upper Boulder- 
clay of this plain is very extensively distributed, but (as long ago 
noticed by Prof. Hull) the Lower Boulder-clay is seldom seen south 
of Chester. It may exist in many abrupt hollows under the great pall 
of Upper Boulder-clay ; but, so far as it can be detected, it gradually 
degenerates southward until in many places it is only represented by 
boulder-gravel, earth, sand, or loam (as may be seen at the bottom 
of Gresford valley, at low levels around Shrewsbury, &c.). This 
degeneration is evidently owing to a southerly diminution in the 
supply of the subglacial mud from the Lake-district. It may, how- 
ever, at first have been more or less present in Shropshire, and used 
up or carried far away during the accumulation of the cleanly- 
washed middle gravel- and sand-deposit, which, to a considerable 
extent, consists of erratics which must have been transported during 
the Lower Boulder-clay period. Up the hill-sides the Lower Boulder- 
clay degenerates much in the same way as it does southwards, as if 
the deposition of the clayey matrix had chiefly taken place in the 
deepest parts of the gradually deepening sea. 

4, Around Wolverhampton, Stafford, §c.—The great plain of 
Lancashire, Cheshire, Shropshire, and part of Denbighshire (in other 
words, the plain lying between the Pennine hills and the Welsh 
mountains) is separated from the midland area by a waterparting 
(which is only breached by the river Severn) extending from the 
neighbourhood of Church Stretton, by way of the Wrekin, Ashley 
Heath, and Mow Cop, to the Pennine hills. South, south-east, and 
east of this waterparting the lowest of the two clays of the north- 
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west plain would appear to be alone, or almost alone, represented. 
The comparative, if not entire, absence of subglacial mud from the 
Lake-district beyond this waterparting (the Severn valley perhaps 
excepted) has probably been compensated by the prevalence of Car- 
boniferous, Permian, Triassic, and Liassic shale, marl, or clay, out 
of-which deposits of clay or loam have been locally worked up. The 
same kind of boulders occur in this local clay as are found in the lower 
glacial clay of the north-west ; and they must have been transported 
and precipitated during the same submergence. The clay around 
Wolverhampton and Stafford, as shown in numerous clay-pits, is 
very seldom underlain by sand, excepting where there has been a 
working up of sandstone rock underneath*. There are no clear 
traces (so far as I have seen) of two Boulder-clays in this district, 
though sometimes it might be easy to fancy so, because the boulder- 
bearing clay graduates into sand, loam, and gravel at different levels, 
though still on the same horizon; in other words, it changes with 
changes in the character of the underlying or neighbouring strata, 
In the clay-pits around Wolverhampton and Stafford northern 
boulders are found at various levels in the clay, but mainly in the 
upper part near to or on the surface, as if a part of the clay (at 
least in certain areas) had been deposited before the submergence 
became sufficiently deep to float boulder-laden ice over the above- 
mentioned waterparting. At Ashfiat clay-pits (south of Stafford) 
the clay, with many northern erratics, is overlain by gravel and 
sand which have evidently been washed out of the clay—the junc- 
tion between the two being very uneven, generally ill-defined, and 
often presenting the appearance of “pipes.” Fine gravel may be 
seen in Wobaston Big Meadow, further south, and I believe it is 
underlain by boulder-loam. Most of the large boulders between 
Wolverhampton and Bridgenorth would appear to be imbedded 
either in clay or in gravel with a matrix of clay graduating into 
sand. Most of the boulders which have been removed from the 
fields were found partly, or almost wholly, above the surface, or not 
so deeply buried as to elude their being touched by the plough. At 
first 1 was deceived by fancying that the occasional occurrence of 
vertical and, to some extent, grey-faced partings in the clay around 
Wolverhampton was sufficient to correlate it with the upper clay of 
the north-west; but I soon found that it was only an accidental 
resemblance, and that the structure of the two clays was different, 
the Wolverhampton clay being more or less heterogeneous and inco- 
herent, while the upper clay of the north-west is remarkably homo- 
geneous, tenacious, and compact, characteristics which cause it to 
slide one portion on another when damp, and when dry to break up 
in large columnar masses instead of frittering away. 


* Tn the neighbourhood of Birmingham, sand sometimes comes under a loamy 
clay or gravel; but whether it be a local variation on the same horizon, or a 
westerly representative of Mr. 8. V. Wood’s Middle Glacial Sand of the eastern 
counties, I have not had time to ascertain. It ought to be recollected that under 
the Lower Boulder-clay of the north-west plain there are occasionally sands of 
local derivation. 
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IX. Exprianation oF Map, Prater XXII. 


As it is impossible to ascertain the precise routes taken by boulders, 
in a map it is perhaps least presumptuous to draw straight or slightly 
curved lines from their sources to their terminations. As most of 
the Kirkcudbrightshire granite blocks would appear to have been dis- 
persed from Criffel mountain or the neighbcurhood, to prevent com- 
plication I have represented that mountain as the centre of dispersion. 
The barrier offered by the westerly extension of the Cumberland 
mountains renders it necessary to assume a curve in the route taken 
by these boulders. As I have already described the Shapfell-granite 
dispersion (see Geol. Mag. for Aug. 1870; and Quart. Journ. Geol. 
Soc. for Aug. 1873), and as it has been made the subject of papers 
by other authors, I have only mentioned it in the map. For the 
same reason the stream of large limestone boulders found along the 
east coast of Morecambe Bay is merely mentioned. The boulders of 
Silurian grit, felstone, &c. which went south from the mountain- 
front of Westmoreland are merely mentioned, as it is not certain 
that many of them found their way further south than Morecambe 
Bay. The “greenstone” boulders are not inserted in the map. 
As the Arenig boulders which are believed to have wandered 
as far south as the neighbourhood of Bromsgrove would appear to 
have gone first in an easterly direction, it is obviously necessary that 
a curved route should be assigned to them in the middle part of their 
course. There are probably many boulders which I have not yet seen, 
and the positions of which, therefore, are not shown in the map. 

An attempt to map the positions and courses of boulders is justi- 
fied by the fact that most of them have been found more or less 
imbedded in clay or gravel, at all angles, often standing on end—in 
other words, in the positions in which they were left by the ice 
which carried them during the Glacial period. 


u 
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X. Tasunar View oF THE Successive Stages oF THE GREAT GLACIAL SUBMERGENCE DURING WHICH THE BOULDERS OF THE 


alan. West or Enetanp anp Norta WALES MAY HAVE BEEN TRANSPORTED. alesis 

2000 2000 
Arenig boulders on Moel Gamelin, up to 1897 feet. 
Continuance of the Arenig dispersion. 

1800 1800 
Arenig boulders on Cyrn-y-Brain and Cefn-y-fedw. 
Continuance of the Arenig dispersion. 

1600 1600 
Continuance of the Arenig dispersion—Boulders around Grouse-box hill, near Llangollen. 
Probable close of the southerly Lake-district felspathic dispersion. : 

1400 1400 
Criffel-granite boulders east of Macclesfield—Hskdale and Criffel-granite pebbles on Moel-y-Tryfaen. 
Continuance of the Arenig dispersion—Arenig boulders around Eryrys, and on the Eglwyseg plateau, near Llangollen. 

1200 Hskdale-granite boulders east of Macclesfield. abe 
Arenig boulders around the Clent and Lickey hills. 
Free exit of Arenig boulders from North-central Wales by way of the Dee valley—Boulders around Chirk, Welsh Frankton, &e. 

1000 1000 
Probable commencement of the Arenig dispersion to distances greater than the immediate vicinity of the mountain. 

800) 53... 5 = 800 
Hskdale-granite boulders around Burton, Shropshire. {north and Bushbury, vid Wolverhampton. 
Criffel-granite boulders south and south-east of the Wrekin and Ashley Heath waterparting, including those between Bridge- 
Boulders intercepted by the Peckforton hills, Ashley Heath, &c. 

600 600 
Probable commencement of the dispersion of the boulders over the Wrekin and Ashley waterparting. 

Close of the Criffel initial dispersion over the south-west part of the Cumberland plain. 

400 400 
Boulders intercepted by the Delamere hills, &c. 

Local and northern boulders in lower gravelly loam and sand of West Shropshire and Denbighshire plain. 

200 200 
The boulders at the base and in the mass of the Cheshire and Lancashire Lower Boulder-clay may have been transported while 
Present |. the sea was shallow, or after its depth exceeded 200 feet, and yet before much of the clay was accumulated. Present 
sea-level. sea-level, 


It is least presumptuous to assume that during the submergence the relative levels of different areas were much the same as at 


present, until the contrary can be proved. 


a 
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Discussion. 


Prof. Ramsay spoke of the value of these detailed observations. 
He thought that both land-ice and floating ice were concerned in 
the distribution of erratic boulders, and in many cases these boulders 
rested on striated surfaces. There were many boulders in Anglesey 
which had travelled from the north. Most of the northerly stria- 
tions, he thought, could only be produced by an ice-sheet from 
the north. Still he had no doubt that there were also floating 
bergs, as in Cheshire, where boulders were associated with marine 
shells. 

Prof. .Hvenes had had the pleasure of accompanying Mr. 
Mackintosh in the field, and testified to the painstaking care with 
which he gathered information. He thought the facts observed were 
best explained on the view that, during the period of extreme gla- 
ciation in N.W. Europe, the Scandinavian ice overrode every thing ; 
when the cold had abated, and the mountain-ranges had sunk, the 
Scotch ice pressed out on all sides, encroaching on England and 
Wales. Next the glaciers of the Lake-district had their own deve- 
lopment, pushing against the mountains of North Wales so that the 
Welsh ice could not travel out along the northern valleys; in con- 
firmation of which he poimted out that the traces of the most 
ancient glaciation ran, irrespective of level, over hill and dale to the 
east. During all these periods the sea followed the receding ice as 
submergence went on; but the drift with flints, such as is found 
at various levels all round Wales, belonged to a later period and 
to different conditions. 

Prof. Boynuy stated that he had examined a collection of boulders 
wade by Mr. Crosskey from near Birmingham, and could confirm 
Mr. Mackintosh’s determination of the three origins of the boulders. 
He thought that many felstones could be identified, and that the 
crossing of the boulders could only be explained by floating ice. 
He could not understand how, if ice came down to Wales from 
Scandinavia or Scotland, Wales also should not have had glaciers large 
enough to keep the northern ice at a distance from the mountains. 

Dr. Hicks expressed his agreement with the author. In Pem- 
brokeshire foreign rocks were present, apparently coming from the 
north—he thought, the result of floating ice. Land-glaciers would 
bring boulders down to the sea, and they would be drifted away 
by floating ice and currents. 

Prof. Ramsay said that he had not asserted that the ice covered 
Pembrokeshire, so that Dr. Hicks’s criticism did not apply. 

Dr. Hicks explained that striated rock-surfaces and boulders 
were common in Pembrokeshire. These he looked upon as evidences 
of local glaciers previous to the floating-ice period. 

Prof. Srrrzy referred to the correlation of the drifts proposed by 
Mr. Mackintosh. He thought we could not assume that the surface 
had kept the same level above the sea, but that the glacial phe- 
nomena were due to the elevation of the north of Europe; and as 
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this declined, the phenomena of the various glacial periods would be 
produced. He thought boulder-clays and boulders had been re-sorted 
again and again by the sea. 

Mr. Dr Rance said that in the Lake-district the striz radiate 
from the watershed. Hence pebbles derived from the Solway, 
found in the midland Glacial deposits, could only have come by 
floating ice; and, further, with these there was evidence, in the 
Middle Sands, that currents flowed to the 8.8.E. The striz were 
older than the deposits on them. 

Mr. J. F. Camppett expressed his satisfaction at the numerous 
facts brought forward by Mr. Mackintosh, and instanced the Straits 
of Belleisle in almost the same latitude, where the existing state 
of facts explained very well phenomena described by Mr. Mackintosh. 

Mr. Mackrytosu replied that in the peninsula of Wirral the 
striz converged. In Anglesey the strive were parallel. For replies 
to some of the speakers he referred to his paper. 
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35. Notre on a Femur and a Humervs of a smart Maumat from the 
StronesrrerpD SxiaTe. By H.G. Senrey, Esq., F.R.S., F.G.S. 
(Read February 26, 1879.) 


WHILE examining, with the assistance of Mr. W. Davies, F.G.S., 
the unarranged and more fragmentary remains of Pterodactyles from 
the Stonesfield Slate which are preserved in the British Museum, I 
was so fortunate as to detect two small slabs which contain, in good 
preservation, a small mammalian femur and a mammalian humerus 
of corresponding size. Mr. Davies has had as much of the matrix 
removed from these bones as was necessary to fully display their 
essential characters ; and I now offer to the Geological Society a brief 
account of the remains, for the opportunity of making which I would 
express my thanks to Mr. Waterhouse. It is perhaps impossible to 
determine with absolute certainty whether they belong to Amphi- 
therium, Phascolotherium, or to some new type, or whether the bones 
might not perhaps have belonged to two different animals; but, on 
the chance of their being naturally associated, the generalized mar- 
supial characters which they manifest make a useful contribution to 
our knowledge of that animal type, which has hitherto only been 
known, from Stonesfield, by rami of lower jaws. 


Frmuur. 


The right femur rests flat in the 
matrix, so as to expose the aspect 
of the bone, which during life was 
posterior and inferior, The ex- 
treme length of the specimen is 1,7, 
inch. It has a straight aspect, is 
moderately expanded proximally, 
less enlarged at the distal end, and 
has the spheroidal articular head in- 
clined to the inner side and looking 
slightly forward. The most re- 
markable feature of the specimen 
is the expansion below the articular 
head of the two trochanteroid pro- 
cesses, which make the width of the 
bone in this position something less 
than 6, inch. The inner trochanter 
is much the less massive of the two ; 
but its margin is imperfectly pre- 
served, and it was obviously thinner 
than the great trochanter. It ex- 
tends proximally to near the base of The outline shows the natural size 
the proximal articular head of the of the bone. 
boue, and had a narrow wing-like extension inward, curving some- 
what forward at its proximal margin ; but, as preserved, its internal 


Fig. 1.—Femur. 
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extension beyond the proximal articulation is hardly more than 5 
inch. It is in no sense a process, but simply an expansion of the 
bone, and terminates distally in a short sharp ridge on the angle of 
the side of the shaft. The external trochanter is much thicker, and 
extends beyond the border of the articular head for 72; inch. It is 
separated from this convex surface by a concave excavation about 
jg inch wide; and its outer rounded border, which is nearly ;4, inch 
thick, is reflected backward, and terminated proximally in a rounded 
process, which at the proximal end curves a little forward. 

The rounded articular head has no neck connecting it with the 
shaft; but a constriction extends below the globular surface pos- 
teriorly, and another depression is apparently more marked on the 
anterior aspect. ‘The transverse measurement of the head is about 
=; inch, and the antero-posterior measurement is somewhat more. 
lts depth on the posterior aspect is about ;°, inch. 

Between the head of the bone and the two trochanters is a con- 
cave space, which runs down the shaft for about one third of its length, 
disappearing in a line as the bone narrows from side to side, and it is 
deepest towards the great trochanter. There is no trace of an ob- 
turator pit, nor of any excavation towards the external trochanter, 
such as characterizes this part of the bone in the majority of mam- 
mals, and especially marsupials; so that at first sight there is a 
prima facie suggestion in this region of bats, or moles, or of a type 
allied to the monotremes, in which the trochanters were less deve- 


_ loped than in Ornithorhynchus ; but there are slight concavely curved 


lines extending between the trochanters and indicating muscular 
attachment. 

The shaft becomes reduced to its least width of about 3, inch 
near the middle. Its posterior lateral outline is concave, so as to 
give the distal articulation the aspect of being produced slightly 
outward. The internal outline is nearly straight between the in- 
ternal trochanter and the distal articulation. The shaft of the bone 
is evidently flattened naturally, is straight on the posterior aspect 
below the trochanters, and becomes convexly curved from side to 
side. There is a slight groove extending down the length of 
the shaft in the median line from the external trochanteroid ridge 
to between the condyles, and gradually widening distally. The 
width of the bone across the distal condyles is rather less than 5%; 
inch; and though the specimen is not sufficiently developed from the 
matrix to show the thickness of the condylar end, it was evidenily 
much less thick than is usual among marsupial mammals. The 
outer condyle is the larger; it has a transversely ovate outline, and 
is divided on the posterior aspect by a moderately deep depression 
from the smaller inner condyle, in which the greatest measurement 
was vertical. The depth of these condyles is about 51, inch, and . 
the shaft above them is concavely excavated. 

These are the characters on which the systematic position of the 
animal must be determined. The bone is altogether less robust and 
is rather smaller than the same bone in Ornithorhynchus, has the 
trochanters narrower and smaller, the distal condyles narrower, 
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and the articular head directed less upward and more inward. In 
all these points of difference there is a nearer approach to the femur 
of Echidna, which, however, is twice as long. In that genus the tro- 
chauters are relatively less developed, and the head of the bone is 
less well defined on the inferior aspect, while in the fossil the in- 
ternal trochanter has a greater proximal extension. Both these 
genera of living Monotremes agree in possessing a similarly unex- 
cavated condition of the posterior aspect of the external trochanter ; 
and there are enough intermediate steps between the two surviving 
genera to include such a form as this fossil bone, if there were any 
corroborative evidence to justify its location in the same order with 
them. 

Among the marsupials there are not many in which a sufficiently 
near correspondence can be detected to justify a comparison. It is 
only among some of the Phalangers, such as Phalangista Cookit, 
that there is a general resemblance seen in form and type, though 
the existence in that group of an obturator pit renders detailed com- 
parison impossible. The only other marsupial to which reference 
may naturally be made is the Myrmecobius, interesting from its 
resemblance to Amphitherwwm ; but the bone is relatively shorter than 
in Myrmecobius fasciatus ; the condyles at the distal end are re- 
latively much less thickened. ‘The internal trochanter does not ex- 
tend so far proximally in the recent genus, and the fossil shows no 
trace of the excavation of the inferior aspect of the proximal end. 
It may therefore be concluded that the resemblance to Marsupials 
is, on the whole, less evident than the probable affinity of the bone 
to a Monotreme. It is interesting that Amphitherium has presented 
characters in the inflected angle of the lower jaw which induces 
Prof. Owen to dwell on its resemblance to the mole and the hedge- 
hog, and to express a necessary caution against hastily concluding 
that the animal was not insectivorous. Dr. Gill, one of the most 
profound systematists of modern times, has sufficiently recognized, in 
his tabular view of the classification of the Mammalia, the near 
affinity of the Chiroptera, Insectivora, Rodents, and Edentates with 
the Marsupial and Monotreme orders ; and it is certainly remarkable 
that this fossil bone, like the jaw referred to, should present cha- 
racters which necessitate close examination as to its placental or its 
implacental determination. There are many animals in which the 
proximal end of the femur has two well-developed trochanters, and 
from which the obturator pit is absent; but in none do the condyles 
attain so great a size as in the fossil. 

In the Little Ant-eater (Cyclothurus didactylus) the femur is 1,3, 
inch long, while the transverse measurement across the trochanters 
is only ,!, inch, so that in this animal the shaft is 37 times as long 
as the transverse measurement over the trochanters, while in the 
fossil the shaft is not more than twice as long as the width over the 
trochanters. The femur of the Mole has only a general resemblance 
to the fossil; the trochanters are narrower; the great trochanter is 
more developed proximally, and the concave area between the tro- 
chanters is of an altogether different character. A similar remark 
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applies to the proximal end of the femur of the Hedgehog, which at 
first sight approximates in form to the fossil. 

The Bats probably make a nearer approach than the Insectivora, 
both trochanters being well developed; but in the Bat there is not 
the same concave channel extending down the shaft between the 
trochanters, which is so remarkable a character in the fossil. I am 
therefore disposed to believe that the Monotreme characters predo- 
minate, and justify us in believing that the specimen was impla- 
cental, although there may be some reason for believing that it was, 
to some extent, also marsupial in its characters. 


HuMERUvs. 


The right humerus rests flat in 
the matrix, so as to expose its pos- 
terior aspect. It is 1,4, inch long, Fig. 2.— Humerus. 
with a globose head, slender shaft, = 
straight on the anterior or inner 
side, concave on the external or 
posterior side, and compressed and 
somewhat expanded at the distal 
end. It is much more marsupial in 
its characters than the femur. ‘The 
head is ,°; inch wide, and is rather 
directed outward and backward ; it 
is about 5%; inch deep, and presents 
a form which is seen in Phascolarc- 
tos, but which is unusual. The 
shaft narrows to ;% inch in the 
middle, where its section would ap- 
parently be subtriangular, owing to 
the inner side of the bone being 
flattened vertically. This inner side 
extends upwards so as to form a 
small trochanter on the inner side 
of the articular head ; but the poste- 
rior border of the bone is sepa- _ 
rated from the head by a well-de- 
fined transverse depression. On the proximal half of the inner margin 
rises a well-defined moderately elevated crest, which, so far as I am 
aware, is not paralleled in position in any humerus which is com- 
parable with the fossil. The inner side of this ridge is continuous 
with the flattened inner side of the bone, and it extends up to merge 
in the trochanter; but the outer side of the ridge is defined by a 
slight clean groove. The ridge attains its greatest elevation at 5, 
inch below the articular head of the humerus, and nearly ;*, inch from 
its proximal articular surface. The distal end of the bone lies in the 
same plane with the proximalend. The external margin is expanded 
into a thin plate, which has a highly convex external outline. This 
plate on its posterior aspect is flat and smooth, and in no way de- 
fined from the rest of the bone. Its contour helps to form the bow- 


The outline shows the natural size 
of the bone. 
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shaped outline of the external side of the shaft. The inner border 
of the distal end also expands distally, though not to the same ex- 
tent. It is less perfectly preserved, but was obviously much thicker 
and apparently flattened, and makes the width of the distal end in a 
line with the olecranon pit a trifle over 6 inch. The details of 
the distal articulation are not well seen; but the bone appears to 
have been compressed and rounded, and the extension below the 
olecranon-pit of the condyles is rather less than 5!, inch. ‘The ole- 
cranon-pit is not very deep, and is transversely ovate, placed a little 
obliquely, and nearer to the external than to the internal border of 
the bone. The principal condyle was below the inner half of the 
olecranon depression, and is partly broken away ; but a small second 
condyle appears below its external corner, and between these there 
is a narrow smooth impressed intercondylar area, which extends 
obliquely forward and upward, and indicates the mode of flexure of 
the fore limb. 

The nearest approach to this form of humerus is probably pre- 
sented by some of the Phalangers, though the ridge, which is lateral 
ou the side of the upper part of the shaft, would need to be turned, 
together with the head, through a considerable angle before the two 
forms could be brought into harmony. 

On the oblique inner distal border is the usual supracondylar 
foramen seen in Marsupials and several other orders, which appears 
to have a vertically ovate outline, and to pass obliquely forward and 
downward and very slightly inward; it is placed just above the 
border of the olecranon-pit, and is separated from it by a width of 
jy inch. Its inner border is a narrow arch of bone, which is angular, 
being compressed from the front. 

So far we have compared the humerus as though it were an isolated 
bone; and have ignored the possibility that it might present aftinities 
of the same character as the femur. The difficulties which have pre- 
sented themselves hitherto in its interpretation are :—(1) the con- 
cave anterior or external margin; (2) the ridge running down the 
superior aspect of the bone from the proximal articular head. But 
when our comparisons are turned to the Ornithorhynchus, singularly 
modified as the posterior or internal margin of the bone in that genus 
is, we recognize at once the significance of the characters which have 
hitherto been so difficult to interpret. In no other genus is the an- 
terior concavity of the hone between the proximal and distal ends so 
pronounced as in this Monotreme; and although this right humerus 
presents a form which is more suggestive of a Marsupial in its 
general aspect, yet in these important characters, as well as in the 
outward direction of the articular head, it makes an approximation 
to the Ornithorhynchus which there is no reason for believing to be 
accidental, and every reason to regard as an indication of organic 
grade. It is not impossible that the Stonesfield animal may have 
had burrowing habits ; but it is highly probable that a humerus so 
modified as this must have been connected with a pectoral arch like 
that of a Monotreme in construction, and unlike the ordinary form 
of the arch in placental Mammals or Marsupials. And if any diffi- 
culty should suggest itself in this comparison on the ground of the 
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difference of the bone from the same element in Ornithorhynchus, it 
should be borne in mind that the Monotremes are at present known 
to us very imperfectly, and that between the Duck-billed Platypus 
and the Echidna there is a wide interval of organization. But per- 
haps the most interesting evidence of the affinity of the humerus is 
obtained when we bear in mind that it is found with the femur, 
and that the two bones correspond in presenting predominant indi- 
cations of Monotreme characters under the external forms usual 
among Marsupials. 

The only history of these specimens is that they were collected by 
Mr. 8. Peace Pratt, formerly one of the Secretaries of the Geological 
Society, and presented by him, with four other bones from Stonesfield, 
to the British Museum. Mammalian remains occur so rarely that there 
is a strong predisposition to regard these bonesas naturally associated ; 
and the somewhat smaller size of the humerus, as compared with 
the femur, would favour such judgment, however strong the temp- 
tation might be to refer the bones to different genera on account of 
their resemblances to such different types of existing animals. At 
least, in the absence of evidence to the contrary, it may not be in- 
convenient to consider them to have been portions of a single indivi- 
dual. There then arises the more difficult question as to whether they 
pertain to any of the genera of the Stonesfield-Slate mammals hitherto 
established or not. And necessarily a judgment on this point must 
be largely founded on probabilities. ‘The comparatively large Ste- 
reognathus is so generally regarded as placental, that its claims to 
the humerus and femur may be dismissed. There then remain 
only Amphitheriwm and Phascolotheriwn with which they may be 
associated. The size of the bones is not very different from what 
might be anticipated from the length of the jaws already described 
in those genera. In many small animals the length of the lower 
jaw is not greatly different from that of the femur, and the humerus 
is usually somewhat shorter, though there are many animals in which 
the skull is much longer than the femur. In Ornithorhynchus the 
lower jaw measures 34 inches, the femur 1,4, inch, the humerus 
1,3; inch. In Echidna the skull is 4;4, inches long, the femur 2,5, 
inches, the humerus 1,8, inch. In Didelphis virginiana the lower 
jaw is 3,5, inches, femur 3,1, inches, humerus 2,9; inches. In Myr- 


mecobius fasciatus the lower jaw is 1,8, inch, femur 1,%, inch, hu- 


merus 1,4, inch. In Phalangista Oookw the lower jaw is 1,5, inch, 
the femur 2,7, inches, the humerus 24, inches. In Phascolarctos 
the lower jaw is 2,5, inches, femur 3,5, inches, humerus 2%; inches. 
In the Little Ant-eater the lower jaw 1s 1,2, inch, the femur 1,°, inch, 


the humerus ;% inch. In the Hedgehog the lower jaw is 1,5 inch, 


and the femur and humerus are of the same length. In the Mole 
the skull is 1,4, inch, femur 54 inch, and humerus ;°, inch. In the 
Beayer the lower jaw is 2,3, inches, femur 2, inches, humerus 1,9, 
inch. In the Marmot the lower jaw is 2,%, inches, the femur 3 
inches, the humerus 2-5, inches. 

Now in Phascolotherium the length of the jaw is about 1,4, inch, 


and in Amphitherium the length of the jaw is about 1, inch, while 
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the femur described is 1,2; inch and the humerus 1,4, inch. Thus 
it is evident that there is not much ground for choice in affilating 
the specimens to one genus or the other on the ground of proportion 
between the jaws and the limb-bones, though the presumptive evi- 
dence is strong, so far as size goes, that they might be referable to 
one of them. On the whole I am inclined to believe that the some- 
what insectivorous and strong character of the lower jaw of Phas- 
colotherium may perhaps be taken into consideration in connexicn 
with the resemblance which the head of the femur described offers 
to the bone in some Insectivores, as indicating a habit which would 
justify us In suspecting that the remains are rather to be referred to 
that genus. If the three specimens may all be referred to the same 
genus, they indicate a generalized Marsupial, which certainly suggests 
evolution from a Monotreme stock, and cannot be placed in any 
division of the existing Marsupial order. 

If the affiliation of these limb-bones to the jaw of Phascolo- 
- thervum be accepted as an identification sufficiently probable to excuse 
me, in the absence of evidence of their generic distinctness, from the 
task of founding a new genus and species for the fossils, then a certain 
appositeness may be recognized in the association of a Marsupial jaw 
of generalized character with limb-bones indicating a generalized 
Insectivorous type, modified from a Monotreme stock in the direc- 
tion of the Marsupial plan, as one of those harmonies which the 
general truths of the doctrine of evolution would lead us to antici- 
pate ; for the researches of Profs. Owen, Gaudry, and Marsh have 
gone far to prove that every type of mammalian life becomes more 
generalized when it is traced backwards in time, and presents affi- 
nities towards less specialized orders; from which we infer that 
these, or similar orders, were the parent stock from which the sur- 
viving types were derived. Similarly I am inclined to suggest that 
these remains from Stonesfield justify us in inferring the exis- 
tence of a generalized order of animals, which were not Marsupials, 
but from which the Marsupials became evolved. 


Discussion. 


The Presiprent congratulated the author upon the discovery of 
the importance of these specimens, which had been so long over- 
looked. 

Prof. Prestwicn remarked on the interest attaching to the dis- 
covery of these remains among old specimens from Stonesfield, 
since at present the slate-pits at that place are little worked. He 
suggested that if other store-collections of Stonesfield fossils (like 
those of Oxford) were overhauled, they might yield equally valuable 
results to so careful a worker as Prof. Seeley. 

Dr. Murre expressed doubts whether the humerus was a right 
one, and also as to the validity of conclusions derived from a com- 
parison of the lengths of the limb-bones and the lower jaws. 


HUMERUS FROM THE STONESFIELD SLATE. 463 


He thought that Prof. Seeley’s views as to the predominantly 
monotrematous character of the animal were hardly supported by 
the evidence adduced, and that if the jaws of Phascolotheriwm had 
not before been discovered the identification might not have been 
made. 

Mr. CHARLEsWorTH insisted on the important discovery of bones 
other than mandibular in the Stonesfield Slate, a discovery which 
had been looked forward to in vain since 1814. He cited and ex- 
pressed doubt on the explanation of Prof. Owen, that the lower jaws 
had fallen away from the floating skeletons. 

Mr. Buaxe argued in favour of both the bones belonging to one 
specimen, and pointed out that the greatly modified bone (the hu- 
merus) was the one most likely to vary with the habits of the 
animal, 

Prof. Srrtzy, in reply, expressed his thanks for the compliments 
which had been paid him. He defended his identification and in- 
terpretation, his comparisons of the lengths of the limb-bones and 
jaws in different orders of mammals, and his conclusion that the 
bones had monotreme affinities. He should have arrived at the 
same conclusion if no jaws had ever been found. 


Q.J.G.8. No. 139. 2x 
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36. On the OccuURRENCE of the Gunus Dirmyrocaris in the Lowrr 
CARBONIFEROUS or CALCIFEROUS SANDSTONE SERIES of SCOTLAND, 
and on that of a Seconp Species of ANTHRAPALABMON in these 


Brps. By R. Ernermes, Hsq., Jun., F.G.S. (Read April 30, 
1879.) 


(Published with the permission of the Director-General of theGeological Survey.) 
[Prats XXIII] 
1. Lyrropvcrion. 


Sivcz my connexion with H.M. Geological Survey ceased I have 
been allowed by Prof. Geikie, F.R.S., to make use of some very 
interesting Crustacean remains collected during the progress of the 
Survey work, and now beg to offer some remarks upon these 
specimens. I take this opportunity of expressing my thanks to 
Prof. Geikie for granting me this privilege. I am also indebted to 


Dr. Traquair, F.G.S., for the loan of one of the specimens described 
hereafter. 


2, On THE OccURRENCE OF DITHYROCARIS IN THE CALCIFEROUS 
SANDSTONE SERIES. 


The genus Dithyrocaris has hitherto been met with in the Scotch 
Carboniferous system, so far as | am aware, only in the Carboni- 
ferous Limestone group proper. The Phyllopods of the Calciferous 
Sandstone series (= Tuedian beds), or lower section of the Scotch 
Carboniferous, consist up to the present time of three species, viz. :— 
Estheria Peachii, Jones*; Leaia, sp.~; and Estheria Dawsoni, 
Jonest. I know of no other form recorded from this series of 
rocks §. 

Some months ago Dr. R. H. Traquair, F.G.S., called my attention 
to a specimen in the Edinburgh Museum, found by Mr. J. Hender- 
son in the Wardie Shale beds of the Water of Leith, consisting of 
several semidetached segments of a large crustacean, which, from 
their general resemblance to those of the Phyllopoda, I conceived 
were probably the remains of Dithyrocaris or an allied genus. 
Shortly after this discovery my duties in connexion with the Geo- 
logical Survey led me to examine a collection of Lower Carboni- 
ferous fossils made in Roxburghshire by Mr. A. Macconochie, one 
of the Survey collectors. The specimens of Crustacea obtained by 
Mr. Macconochie are of great interest, and my thanks are specially 
due to him for his kindness in immediately calling my attention to 
them. - 

The evidence contained in this collection is entirely confirmatory 

* Geol. Mag. vii. p. 220. 

+ Ibid. vii. p. 96. Peach, Brit. Assoc. Rep. for 1871, pt. 2, p. 109. 

{ Etheridge, Geol. Mag. dec. 2, 1876, iii. p. 576. 

§ Leata Jonesit has since been described (Ann, & Mag. Nat. Hist., April 1879). 
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of the Wardie Shale specimen being a Dithyrocaris; for there body- 
segments, tail-spines, and portions of the carapace occur in pro- 
fusion. The discovery of this genus in the Lower Carboniferous 
series by Messrs Henderson and Macconochie is a point of much 
interest; and its occurrence in the Wardie Shale beds will form a 
welcome addition to the fauna described in my paper on. that sub- 
ject *. The following are detailed notes on the specimens. 


Ditnyrocaris, sp. ind. 


Obs. The specimen found by Mr. Henderson is specifically unde- 
terminable, at any rate with our present imperfect knowledge of 
the species of Dithyrocaris. It consists of the impressions of four 
body-segments, and perhaps portions of two others, crushed side- 
ways. They are in form almost quadrangular above, tapering 
below ; there is no trace of the tail-spines. Scattered over and 
around the specimens are an immense number of small, circular, 
crushed, disk-like bodies, some adhering to the segments, others in 
close proximity to them. 

At first sight these little disks might be referred to the sporangia 
of some Lycopodiaceous plant, such as Lepidodendron, Flemingites, 
or Tasmanites ; but in their present state it is difficult to express an 
opinion on their naturet. Dr. Woodward does not think they 
have any organic connexion with the crustacean segments. 

Loc. and Horizon. Woodhall, Water of Leith, near Edinburgh, 
in the Wardie Shale section of the Cement-stone group, L. Carbo- 
niferous or Calciferous Sandstone series. 

Coll. Museum of Science and Art. 

Collector. Mr. John Henderson. 


Dirayrocarts TEstupinevs, Scouler. (Pl. XXIII. fig. 1.) 


Argas testudineus, Scouler, Records of Gen. Science, 1835, 1. 
p. 136. 

Dithyrocaris Scoulerit, M‘Coy, Synop. Carb. Foss. Ireland, 1844, 
Dp: Wa. bh: 25. 1. 2. 

D. testudineus, Morris, Cat. Brit. Foss. 2nd ed. 1854, p. 107; 
Woodward & Etheridge, Brit. Assoc. Report for 1873, pt. 2, p. 92; 
Woodward & Etheridge, Mem. Geol. Survey Scotl. Expl. 23, 1873, 
p- 98; Woodward & Etheridge, Geol. Mag. 1873, x. p. 482, t. 16. 
f. 1; Woodward, Cat. Brit. Foss. Crust. 1877, p. 73; Bigsby, The- 
saurus Dey.-Carb. 1878, p. 249. 

Obs. This species is represented in the collection from Roxburgh- 
shire by two half carapaces. The narrow, strongly and obliquely 
fringed lateral margins are quite visible ; and in one of them there 
is also to be seen the commencement of one of the rounded ridges 
within the margins, which gradually turn inwards. On the other 


* “On our Present Knowledge of the Invertebrate Fauna of the Lower Car- 
boniferous or Calciferous Sandstone Series of the Edinburgh Neighbourhood, &e.,” 
Quart. Journ. Geol. Soc. xxxiv. p. 1 

+ Is it possible that they are the remains of ova adhering a the Bg ? 

K 
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specimen are the remains of the slightly rounded posterior margin 
which connects the median ridge of the carapace with the posterior 
lateral spines on each side. In the figure the two halves of the 
carapace have been placed in apposition, to show their relation to 
one another, the dotted portions being restored. 

Loc. and Horizon. Tweeden Burn, near junction with Liddel 
Water, by New Castleton, Roxburghshire; in the Cement-stone 
group of the Calciferous Sandstone series. 

Coll. Geol. Survey of Scotland. 

Collector. Mr. A. Macconochie. 


DiTHYROCARIS TRICORNIS, Scouler. 


Argas tricornis, Scouler, Records of Gen. Science 1835, i. p. 136. 

Dithyrocaris tricornis, Morris, Cat. Brit. Foss. 2nd ed. 1854, 
p. 107; Salter & Woodward, Cat. & Chart of Foss. Crustacea, p. 17, 
f. 12; Woodward & Etheridge, Brit. Assoc. Report for 1873, 
pt. 2, p. 92; Mem. Geol. Survey Scotl. Expl. 23, 1873, p. 99 ; 
Geol. Mag. 1873, x. p. 483, t. 16. f. 2 & 3; Woodward, Cat. 
Brit. Foss. Crustacea, 1877, p. 73; Bigsby, Thes. Dev.-Carb. 1878, 
p. 249. 

Obs. To this species are referred portions of the two halves of a 
much larger carapace, disunited, but lying partially over one an- 
other. They both exhibit the strongly and obliquely striated lateral 
margins and the toothed or serrated lateral ridges, terminating in 
one of the strong recurved posterior spines. There is no trace of 
the fine ornamentation on the surface exhibited by the specimen 
discovered by Mr. James Bennie, now in the collection of the Geolo- 
gical Survey of Scotland, and figured by Dr. Woodward and myself. 
On the contrary, there is evidence of the peculiar striated lamina- 
tion so often found on the carapace-surface of D. testudineus, and 
seen also on the segments accompanying the specimen before men- 
tioned as found by Mr. Bennie *. 

To D. tricornis are also referred some strong and bold tail-spines. 
The side spines measure one inch two lines long, the central one 
being a trifle shorter. They are ornamented with the before-men- 
tioned laminar strie, directed longitudinally, with here and there 
Tugosities scattered over the surface. 

Loc. and Horizon. Liddel Water, half a mile below New Castle- 
ton; Tweeden Burn, near junction with Liddel Water, by New 
Castleton, Roxburghshire. Cement-stone group of the Calciferous 
Sandstone series. 

Coll. Geological Survey of Scotland. 

Collector. Mr. A. Macconochie. 


Diruyrocaris, sp. ind. (Pl. XXIII. figs. 2 & 3.) 


Obs. There are in the collection made by Mr. Macconochie four 
specimens, consisting of abdominal somites and tail-spines, which 
must haye belonged to aspecies fully as large as D. tricornis, Scouler. 


* Geol. Mag. x. t. 16. f. 3e. 
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The form and much greater size at once separate them from D. testud- 
neus,Scouler. The most perfect amongst these disjecta membra shows 
traces of seven body-segments and the three tail-spines (Pl. XXIII. 
fig. 2). The abdominal somites together mcasure one inch and a 
half long, and about half an inch in breadth, whilst the spines are 
fully half an inch long, or possibly a little more. The median spine 
is the most robust, and is three sixteenths of an inch broad at its 
base; there is no trace of surface ornamentation. Another spe- 
cimen (Plate XXIII. fig. 3) exhibits four of the body-segments and 
the central spine of the tail, giving a total length of one inch and 
three quarters, of which the spine measures three fourths of an 
inch. This individual, in the process of fossilization, has been 
crushed sideways, and indicates that the form of the somites was 
not cylindrical, as usually supposed, but each segment had a broad 
epimeral border, quadrate in form and slightly produced at its 
latero-posterior angles, reminding one of the somites in the abdo- 
men of the Decapoda. This structure is an interesting advance in 
these old Phyllopods, because, so far as we know, it does not exist 
in the allied genus Ceratiocaris, and is not known in the recent re- 
presentative Nebalia. 

Loc. and Horizon. Liddel Water, half a mile below New Castleton, 
Roxburghshire ; in the Cement-stone group of the Calciferous Sand- 
stone series. 

Coll. Geol. Survey of Scotland. 

Collector. Mr. A. Macconochie. 


DiruyrocaRris, sp. ind. 


Obs. One specimen and its counterpart, not included amongst the 
foregoing, and very much compressed, consists of two bodies and 
tails and one carapace. ‘The latter has no trace of the ornamented 
border of D. testudineus, and the tail-spines are very much shorter 
than many of the specimens previously referred to; one seven, 
another seven and a half, and again another only six lines long. 
It is not improbable that these remains may represent a species 
near D. granulata, Woodw. & Kth.* 

Loc. and Horizon. Liddel Water, half a mile below New Cas- 
tleton, Roxburghshire ; in the Cement-stone group. 

Coll. Geol. Survey of Scotland, 

Collector. Mr. A. Macconochie. 


3. On Lowrr Carponirerous SPECIES OF ANTHRAPALZMON. 


Since the description of Anthrapalemon? Woodwardi, mihi, ap- 
peared, the species has been met with at three other localities in the 
Lower Carboniferous area of the south of Scotland ; in each case the 
fortunate finder has been Mr. Macconochie. The Cement-stones of 
Roxburghshire have yielded this peculiar form in some abundance, 
and in a fine state of preservation, accompanied by the remains of 
an allied, although larger and quite distinct, species, which I. have 
much pleasure in describing as A. Macconochit, after its discoverers 

* Geol, Mag. 1874, i. tab. 5. figs. 2& 3, 
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It will be within the recollection of those interested that the type 
specimen of A. Woodwardi, found by Mr. James Bennie at Belhaven 
Bay, near Dunbar, was in any thing but a good state of preservation, 
contained in an ironstone nodule. Mr. Macconochie’s specimens, on 
the other hand, are in a Cement-stone, and are preserved in a par- 
ticularly good state for examination ; they will enable me to define 
the species in a much more accurate manner, to make a few correc- 
tions in my former description, and several additions. 

The second species, A. Macconochii, of which the remains are 
abundant, 1s manifestly so different from A. Woodwardi, although 
allied to it, as well as from the other species of the genus, A. Giros- 
sarti, Salter, A. dubius, Prestwich, A. Russellianus, Salter, and 
A.? gracilis, Meek and Worthen, that I do not hesitate to designate 
it by a distinct name. The following is a detailed description of the 
two species. 


ANTHRAPALZMoN Woopwarpt, R. Etheridge. (Pl. XXIII. figs. 4-9.) 


Anthrapalemon Woodwardi, R. Eth. Quart. Journ. Geol. Soc. 1877, 
xxx. p. 872, t. 27. 

Sp. char. Carapace oblong, narrowing towards the anterior part, 
and divided into two unequal portions by the cervical groove, the 
posterior being the largest ; relative convexity unknown. Anterior 
lateral margins not spinous and without serrations ; posterior lateral 
angles rounded ; posterior margin concave. Cervical groove strongly 
marked and widely V-shaped. Middle line of the carapace occu- 
pied by a strong ridge continuous with the rostrum and extending 
to the posterior margin, and flanked on each side by a straight or 
slightly curved lateral ridge extending from the cervical groove to 
the posterior margin. Like the central one, these ridges are 
minutely crenulated. That portion of the carapace anterior to the 
cervical groove is crushed, and cannot satisfactorily be made out; 
but it was undoubtedly produced into a rostrum continuous with the 
central line of the carapace, and narrowing rapidly towards the 
front. Flagella of the antenne bent obtusely outwards, of nume- 
rous minute subdivisions, Antenne having a peduncle or protopo- 
dite of four segments, and terminating in two slender filamentous 
whips. First pair of chelate appendages probably present, small, 
elongate. yes large and reticulated. Abdominal segments (as in 
the generic character) six in number, with pointed pleurz and a 
well-marked central line extending throughout their whole length, 
and corresponding with the central ridge of the carapace; articular 
area small, but distinctly visible, defined by a small transverse ridge 
on each segment. Telson primarily consisting of a central hastiform 
plate, flanked on each side by two lateral caudal swimming-lobes, 
which arise from and are articulated to the sixth segment of the 
abdomen. 

Obs. The additional light thrown upon this species by the dis- 
covery of the present specimens renders some alterations in my pre- 
vious description * necessary. On the one hand certain statements 

* Quart, Journ. Geol. Soc. xxxiii. p. 872. 


IN THE LOWER CARBONIFEROUS SERIES OF SCOTLAND. 469 


require modification, and on the other some points are in need of 
enlargement. or instance, the posterior lateral angles are rounded 
(Plate XXIII. figs. 5 & 6), and not angular, as previously stated, 
although there are one or two individuals in which they so appear ; 
I have, however, satisfied myself that this appearance is super- 
induced, as the angularity must arise from pressure in some parti- 
cular direction. The figure of the type specimen * from Belhaven 
Bay showed the central ridge only, and a lateral one on each side 
of it, although when I came to examine it again, by the aid of the 
more recently discovered specimens, I found that there did exist the 
remains of an extension of the carapace on the left-hand side, be- 
yond the marginal line represented in the figure as the lateral 
border; this marginal line will therefore represent a second ridge 
which is seen between the secondary ridge and the lateral margins 
on the carapace of some of the present specimens, and which pro- 
bably represents the incurved border of the carapace showing through 
its structure. 

Nothing satisfactory in connexion with the antennee or antennules 
could be made out in the type specimen; this deficiency we are 
now able to supply. The form and position of these organs quite 
support Dr. H. Woodward’s view, that the organs in question did 
not differ essentially in position or form from those usually found in 
the Macrura. This opinion was expressed by Dr. H. Woodward in 
opposition to the views held by the late Mr. Salter, who believed 
the antennules to be long and simple, and placed within the bifid 
antenne 7. 

The peduncles of the antennze are not distinctly preserved; the 
flagella, however, are bent obliquely outwards, and are composed of 
small numerous joints; for their size they are tolerably broad at 
their bases and taper gradually. The peduncles of the antennules 
consist of three elongated joints directed forwards, and terminating 
in two tapering setiform flagella composed of numerous well-marked 
joints; they diverge nearly at right angles from one another. 

We still need accurate information about the rostrum of 
A. Woodwardi. Its position was tolerably well defined in the 
specimen from Belhaven Bay, now confirmed in one or two of the 
present specimens; but not in one can I definitely ascertain the 
presence of serrations along its course. 

The crushed condition of the present specimens would not lead us 
to expect any very marked trace of the eyes; but, notwithstanding 
this, it is just possible that a certain rounded outline on one side 
of one of the specimens (Pl. XXIII. fig. 5, a) may be one of the eyes, 
especially as there is a dim trace of faceting. I may state that 
Dr. Woodward is inclined to this view. 

Hitherto, so far as | know, no trace of eyes has been observed in 
Anthrapalemon. Messrs. Meek and Worthen imagined they had 
detected t them in one of their examples of A.? gracilis, M. & W., 
from Grundy County, Illinois; but more complete specimens $ 

* Loe. cit. t. 27.£.3 & 3a. + Trans. Geol. Soc. Glasgow, ii. p. 246. 

$ Llinois Geol, Survey Report, i. p. 407. § Llid. iii. p. 554. 
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showed these supposed eyes to be only the bases of the anten- 
nules. 

In the type specimen the ridges of the carapace did not exhibit 
any traces of ornamentation; it is, however, now quite clear that 
they were finely crenulated in a highly ornamental manner. In 
the larger species from Roxburghshire, which I have called 
A. Macconochii, the cervical furrow is very strongly marked; but 
in A. Woodwardi, so tar as the remains at our disposal enable us 
to judge, it is not so, except in one or two individuals. 

The little object which I have called the first chelate appendage 
is not so satisfactory in its appearance as either the antenn or 
antennules ; nevertheless it is in the right position, and has assumed 
more or less the form of this organ; I may add that Dr. H. 
Woodward agrees with me in this reference. There extends 
through the centre of the body, longitudinally, a semiobliterated 
dark line. 

In their final description of the American A.? gracilis, Messrs. 
Meek and Worthen mention and figure what they call segmentary 
structure within the carapace*. A division into segments probably 
similar to this is met with in one or two of our specimens (Pl. XXIII. 
fig. 8). In one in particular there are no less than six of these 
visible within the crushed-down carapace ; in another individual there 
are five. 

Decided traces of ornamentation are not preserved, although in 
one specimen indications of small tubercles are, I think, traceable 
anterior to the cervical groove. 

In his original description of Anthrapalemon Grossarti Mr. Salter 
described the pleuree of the first thoracic segment as abbreviated ; 
but in A. Woodward: I have not been able to detect such a cha- 
racter, nor, in fact, any appreciable difference from the other 
segments. 

J am sorry not to be able to give further details of the thoracic 
appendages, for they are in a still less satisfactory state than in the 
Belhaven original. The greatest number discernible in any one 
specimen is five; it 1s, however, quite evident from the condition of 
the fossils that in this case they are not all preserved. 

The description of the caudal appendages given in my former 
account of this species appears to be correct, so far as it goes; I 
think it not unlikely, however, that the construction of the tail 
was more complicated than at first supposed, although there is no 
trace preserved of the very detailed composition exhibited by the 
tail of A.? gracilis, M. & W. 

A. Woodward must have lived in numbers together, for at two 
localities its remains are found in large colonies. At one locality, 
near Dunse, only one individual was met with sufficiently well 
preserved for examination ; but the dark buff shale was full of frag- 
ments. At one of the localitiesin Roxburghshire it is perhaps even 
still more common; for pieces of the cement-stone in which it is 
found are literally crammed with the flattened and confused remains. 

* Tilinois Geol. Report, iii. p. 554, f. a. 
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Affinities and Differences—From <Anthrapalemon Grossarti 
Salter *, the present species may be distinguished by the presence 
of supplementary ridges on the carapace, and by the continuation 
of the central ridge as far backward as the posterior margin of the 
carapace. It is also probable that the absence of serrations along 
the anterior lateral margins, and of a spine at the anterior angles, 
will be found to be distinctive. 

From A. dubius, Prestwich t, our Lower Carboniferous form is 
separated by the presence of an additional ridge on each half of 
the carapace, and the absence of the serrate margins to the latter. 

The number of ridges which traverse the carapace from back to 
front at once serve as a distinctive character between A. Russellcanus, 
Salter +, and A. Woodward:. There does not either appear to be 
any trace in the latter of the deep row of punctations representing 
the cervical furrow of the former species. 

The last species with which we have to compare our form is 
A.? gracilis, Meek and Worthen § ; but I think the truncated pos- 
terior margin and serrated lateral edges will be sufficient to separate 
the two species, to say nothing of the more complex tail of the 
American form, or of the entire absence of all supplementary cara- 
pace-ridges. It becomes a question if the American species can be 
retained in the genus Anthrapalemon, when we take into con- 
sideration the diversity which exists between its telson and that of 
the type species as described by Mr. Salter. 

The affinity of A. Woodward: with either of the foregoing species 
is not a very strong ope; but in the presence of the continuous 
central ridge of the carapace and of the supplementary lateral 
ridges it approaches A. dubius, Prestwich, and the next form to be 
described, A. Macconochit. 

Loc. and Horizon. Many specimens were found in a Cement- 
stone in the Liddel Water, half a mile below New Castleton, Rox- 
burghshire; a single example was met with (accompanied by Spz- 
rorbis) in shale in the Tweeden Burn, near the head of Tweeden 
Plantation, near New Castleton ; a third specimen was found in soft 
shale in a glen at Mains, eight miles N.N.E. of Coldstream; and, 
lastly, one tolerably perfect example and many fragments occurred 
in a soft clayey shale on the Blackadder Water, near Pathhead 
Mill, about two and a half miles S. of Dunse, Berwickshire. The 
horizon of the whole of these beds is that of the Cement-stone, or 
Upper Group of the Calciferous or Lower Carboniferous series 
(=Tuedian). 

Coll. Geol. Survey of Scotland. 

Collector. Mr. A. Macconochie. 


ANTHRAPALEZEMON Macconocuu, sp. nov. (Pl. XXIII. fig. 10.) 


Sp. char. Carapace more or less oval, terminating posteriorly 


* Quart. Journ. Geol. Soc. xvii. pp. 580, 531, f. 1-4. 

+ Apus, Trans. Geol. Soc. 2nd ser, y. t. 45. f. 9. Anthrapalemon, Salter, loc. 
cit. pp. 531, 532, f. 6-7 d. { Loe, cit. xix. p. 520, f. 1, 2. 

§ Llinois Geol. Rep. ii. p. 407, t. 32. f. 4.a-c, 
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in two strong incurved spines; anterior margin concave, produced 
into a central rostrum or mucro; posterior margin also concave, 
but in an opposite direction to the anterior. Surface divided into 
two very unequal parts by a wide and well-marked cervical groove, 
the anterior portion being much the smaller. The lateral margins 
anterior to the cervical groove are finely and obtusely serrate, and 
terminate forwards in small short spines; posterior to the groove 
the margins become thickened and are horizontally crenulate, the 
crenulations having their convexities directed backwards. ‘The 
central line of the carapace is occupied by a thickened dorsal ridge 
continuous from the posterior margin forwards to the cervical 
groove, and thence connected with the anterior mucro.  Pro- 
ceeding from the posterior incuryed spines of the carapace are two 
almost median-lateral thickened ridges, which gradually curve 
outwards as they approach the cervical groove, where they ter- 
minate. All the ridges present on the carapace are similarly 
ornamented to the posterior portion of the lateral margins. The 
cervical groove appears to have a branch on each side directed 
towards the antero-lateral spines. The rostrum or mucro is tapering 
and pointed. On each side of the central ridge on that portion of 
the carapace anterior to the cervical groove are two circular blunt 
eminences, abutting on the anterior branch of the former. Body- 
segments and appendages unknown. 

Obs.. A very marked appearance is given to this fossil by the 
strongly developed carapace-ridges, with their crenulated striz, the 
elongated and incurved posterior angles, and the deeply concave pos- 
terior margin of the carapace. Again, the broad and deep cervical 
groove is another feature to be noted, quite interrupting, as it does, 
the continuity of the central carapace-ridge with the rostrum; it 
must, however, be remembered that perhaps the preservation of the 
integument would considerably lessen this appearance. 

Omitting from consideration the presence of the cervical groove 
and rostrum, the general aspect of this species is very Dithyro- 
caroid ; so much so, that until I had carefully studied the specimens, 
I was inclined to refer them to that genus. 

In no case is the true integument preserved; but the substance 
of the crustacean is converted into a soft white pulverulent sub- 
stance, requiring the application of some mucilaginous material for 
its preservation in the cabinet. 

The average size of A. Macconochii is about eight lines from the 
tip of the rostrum to a line drawn between the two posterior 
angles, and the breadth five lines; one specimen measures ten 
lines by seven, and there are the mutilated remains of still larger 
individuals. ‘The smallest example is three and a half lines long by 
two and a half broad, and very well illustrates the complete dissimi- 
larity of the species from the preceding, A. Woodward, conclusively 
showing that one cannot be assumed to be the young or immature 
form of the other. There appears to be little variation amongst the 
specimens in the Survey collection ; and, strange to say, notwith- 
standing the number of individuals on some pieces of cement-stone 
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clustered together, there is an entire absence of body-segments, tail- 
spines, or appendages. 

Affinties and Differences—The backward prolongation of the 
lateral margins, the absence of the additional carapace-ridges, and 
other minor features at once distinguish A. Macconochi from 
A. Woodwardi. 

In the serrate and crenulate lateral margins the present species 
resembles A. Grossarti and A. dubius. It differs from the first of 
these, however, by the posterior extension of the central ridge of the 
carapace, the presence of supplementary ridges, and the strongly- 
marked cervical furrow ; but, like A. Grossarti, it has spines at the 
anterior angles of the carapace. 

There is a marked similarity between A. Macconochit and 
A. dubius, Prestwich, in the division of the carapace into two parts 
by the strongly marked cervical groove, the continuity of the 
central ridge, the presence of supplementary ridges (or rather 
furrows in A. dubius), and the serration or crenulation of the entire 
lateral margins. On the other hand, in A. dubius the anterior 
angles of the carapace are not produced into spines, and the 
incuryed posterior angles of A. Macconochii are absent. 

In A. Russellianus, Salter, the form of the carapace is quite dif- 
ferent, as also is the character of the rostrum, from what we find 
them in the species under consideration. ‘The cervical furrow in 
the latter is continuous, and not represented by a row of deep 
punctations. It, however, resembles A. Russellianus in the serrated 
lateral margins. 

It is hardly necessary to compare our form with A.? gracilis, 
Meek and Worthen, although it will be seen that the latter differs in 
the truncation of the carapace before and behind, the small part of 
the lateral margin which is serrate, in the absence of supple- 
mentary ridges, &c. 

Horizon and Locality. From a Cement-stone on the Tweeden 
Burn, near the head of Tweeden Plantation, by New Castleton, 
Roxburghshire. Cement-stone group of the Lower Carboniferous 
series. 

Coll. Geol. Survey of Scotland. 

Collector. Mr. A. Macconochie, after whom the species is named. 


EXPLANATION OF PLATE XXIII. 


Fig. 1. Dithyrocaris testudineus, Scouler. Two half carapaces in apposition, 
and the outline restored: nat. size. Tweeden Burn, near New 
Castleton. 
2. Dithyrocaris, sp. ind, Abdominal somites, tail-spines: nat. size. Liddel 
Water, near ditto. 

. Dithyrocaris, sp.ind. Abdominal somites &c., crushed sideways, with 
an epimeral border and the central tail-spine: nat. size. Liddel 
Water, ditto. 

4. Anthrapalemon Woodwardi, R. Eth. Showing the general characters 

of the species, including the eyes (restored) and the first pair of 
chelate appendages: X 7. Liddel Water, near New Castleton. 


co 
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Fig. 5. The same. A half side view of another specimen, with four of the legs, 
antenne, antennules, and one of the eyes, a (¢ sitw) ; the chambers for 
the reception of the branchiz are also visible through the carapace : 
x 5. Liddel Water, near New Catleton. 

6. The same. A side view, showing the form of the carapace and the 
pointed pleure: x 53. Liddel Water, as before. 

. The same ?, probably the Megalops condition: x 12. Liddel Water, 
as before. 

8. The same, showing the “segmentation” within the carapace, caused by 
the divisions of the branchial chambers, &c.: x 53. Liddel Water, 
as before. 

. The antenne, antennules, eye, &c., enlarged, from fig. 5. 

. Anthrapalemon Macconochii, R. Eth.: X 2. Tweeden Burn, near 
New Castleton. 


-J 
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Discussion. 


Dr. Woopwarp pointed out that the discoveries of the Author had 
carried the Macrurous Decapod Crustacea far lower down in the 
geological series than they had before been found. He had himself 
examined a species of Macrurous Crustacean from the Carboni- 
ferous Limestone. 

Rev. J. F. Braxs asked, if the legs were six in number and the 
animal had sessile eyes, what were the grounds on which it was 
classed as a Decapod. 

The Avuruor replied that there is no certain evidence in the speci- 
mens as to the number of legs, or as to whether the eyes were 
sessile or pedunculated; the former are fragmentary and the latter 
crushed. 
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37. On the Sttvrian District of Raymnry and PENn-Y-LAN, CaRpIFr. 
By W. J. Sours, Esq., M.A., F.G.S., Lecturer on Geology, Uni- 
versity College, Bristol, and Curator of the Bristol Museum. 
(Read April 9, 1879.) 

[Puare XXIV.] 


Tne occurrence of rocks containing typical Silurian fossils at several 
places near Cardiff, and over an area mapped as Old Red Sandstone 
by the Geological Survey, was first brought to my notice by my 
friends Captain J. Carne Ross, F.G.S., and Mr. W. H. Harris, of 
Cardiff. This was in the autumn of 1875; and as I was then 
commencing a stay of six months at Cardiff, I was able to accompany 
my friends to the sections they had discovered, and to confirm their 
observations. 

Mr. Ross and myself then devoted ourselves to a careful study of 
the neighbourhood, with the intention of writing a joint paper on 
the subject ; but when we had made a considerable advance in our 
work, Mr. Ross removed to a distant part of the country, and I was 
left (much to my regret) to complete the paper without his aid. My 
friends Messrs. R. Jones and T. Jones, F.G.S., both of Newport, and 
Messrs. W. H. Harris and J. Storrie, of Cardiff, came, however, to 
my assistance ; and to them I am indebted for many valuable sug- 
gestions and for the clearing-up of many doubtful and difficult 
points. ; 

Mstory. 


The whole of the district I am about to describe is coloured as 
Old Red Sandstone on the maps of the Geological Survey ; but that 
Silurian rocks exist at Pen-y-lan hill and in its neighbourhood was 
made known so long ago as 1861 by Norman Glass*, who collected 
a number of fossils from the Pen-y-lan quarry, and sent them for 
determination to Sir Roderick Murchison and Mr. Salter. A list of 
these fossils was drawn up by Mr. Salter, and the beds were assigned 
to the Wenlock series. Mr. Bevan, F.G.S., next examined the 
district, and published a paper upon it, to which, however, I have 
not succeeded in obtaining a reference. Mr. Etheridge tells me that 
Mr. Aveling also has paid a visit to Pen-y-lan; but no record of his 
observations appears to have been published. I am not aware that 
any other literature exists on the subject. 


Geographical Distribution. 


The alluvial plain on which Cardiff is situated extends northwards 
to the edge of the old Paleozoic tableland of South Wales, and 
meets it along a line extending from Llandaff railway-station on 
the west to Rhymney bridge on the east. From this line to the 
southern escarpment of the limestone of the Coal-basin the table- 
land rises gently to the north, and is cut up by three transverse 


* «The Geologist,’ 1861, p. 168. 
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streams into a number of long hilly ranges running north and south. 
The streams are the river Taff, the river Rhymney, and a small feeder 
of the latter, which, from one of its branches, we may designate as 
the Nant Mawr. The hilly ranges consist wholly of Old Red Sand- 
stone, except at their southern terminations, which are composed of 
the Silurian rocks under description. The Silurian strata east of 
the Rhymney extend northwards from the Rhymney bridge to a line 
joining the village of Rhymney on the west with that of Cross 
Dowton on the east. Between the Rhymney and Nant Mawr 
the Silurian composes the hills south of a line which commences 
west of Cefn Coed, continues parallel to and north of the stream 
flowing past Llwyn-y-grant-uchaf, and ends in the road leading 
from Pen-y-lan to Lanedern. Between Nant Mawr and the Taff 
the country south of Heath Farm is completely covered over by 
coarse gravels and shingles, which conceal every trace of the under- 
lying rocks except at one or two points where they have been cut 
through by the Rhymney railway. Silurian rocks are thus exposed 
. as far north as the spot marked Starting House on the Ordnance 


Fig. 1.—Geological Sketch Map of the Cardiff Silurian District. 
(Scale, 1 inch to a mile.) 


=n Old red pany Scortan Dark band Alhpaal or Siiarians 
FI cla ymney Gri. Graval deposits _ nat exposed &c. 


map; and there can be little doubt that they form the southern half 
at least of the hill on which Heath Farm is situated, and probably 
extend still further west. A careful search for them in the 
embankment at Llandaff railway-station revealed, however, nothing 
but river-gravels, made up chiefly of Old-Red and Carboniferous 
fragments, with an occasional pebble of doubtful Silurian age. 

The three districts thus indicated constitute together a single and 
continuous area, which extends from the Starting House on the west 
to a little beyond Cross Dowton on the east (a distance of about 
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23 miles), and from a point north of Llwyn-y-grant-uchaf to 
Ty-y-cyw, near Roath, on the south (a distance a little over a 
mile and a quarter). Besides this area there is another, which | 
have not yet mentioned, lying a little to the north of it, and which 
extends as a narrow band (one sixth of a mile wide) from Cefn- 
coed-isaf on the west to near Pen-twyn on the east, a distance of a 
mile and a quarter. 


General Structure. 


Pen-y-lan (fig. 2).—The southern side of Pen-y-lan hill commences 
rising from the bordering alluvial plain with avery gentle slope, owing 
to the soft and easily decomposable nature of the red Silurian shales 
and sandstones of which it is composed. ‘These are exposed in a 
ditch on the right-hand side of the road going up the hill, and are 
there seen to dip from the N.E. towards the 8.W. After a while 
the slope becomes a little steeper and harder grits begin to appear, 


Fig. 2.—Diagrammatic Section from Ty-y-cyw to Coed-y-gores. 
(Scale, 2 inches to a mile.) 


8.8.W, N.N.E, 
Cefn- Coed- 
Pen-y-lan Llwyn-y-grant- coed-  y- 
House. uchaf, isaf. gores, 


6 d @ ad c 
a. Gravel. e. Old Red Sandstone. 
d, Silurian. é. Rhymney grit? 


still keeping, however, a dip to the south, till just within twenty- 
five yards south of Pen-y-lan House the dip changes and turns over 
towards the north. Accurate measurements made in a ditch on the 
left-hand side of the road give a strike of 60° to 70° W. of N., with 
a dip first of 30° to the south and then of 25° to the north. 

Thus the hill is traversed by an anticlinal axis running from 
W.N.W. to E.S.E., the beds to the south of it dipping southwards, 
and to the north northwards. The northward dip continues as we 
proceed to the north-east, higher and higher beds of the Silurian 
being successively introduced till the Old Red Sandstone beds are 
reached. The dip then rapidly changes; and at the point marked 
on the Ordnance map by an arrow, near Coed-y-gores, Silurian beds 
are brought up by a low anticlinal, the axis of which follows the 
stream descending from Cefn-coed-isaf. At Coed-y-gores itself the 
Old Red Sandstone is typically present, as may be seen in the river- 
cliffs washed there by the Rhymney ; it dips towards the N.E., and 
continues to do so for some distance further N. 

Rhymney.—On the eastern side of the Rhymney the same arrange- 
ment as that just described is to be clearly made out; but the 
southern half of the Pen-y-lan anticlinal, which on the other side of 
the river has suffered extensive denudation, has on this wholly dis- 
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appeared, the first beds met with on crossing the Rhymney bridge 
having a northerly dip and corresponding with those on the northern 
side of the Pen-y-lan axis. The dip to the north continues through- 
out the Silurians on this side of the river, the Old Red Sandstone 
coming on conformably and dipping at first in the same direction. 
Its dip, however, is soon reversed, indicating a synclinal fold, on the 
axis of which Pen-yr-heol is situated. This brings in the Silurians 
again in a small anticlinal on which Pandy is situated, and which 
corresponds to the fold on the other side of the river near Cefn- 
coed-isaf. Past Pandy the Old Red Sandstone again succeeds the 
Silurian, and is well exposed in a quarry in Coed-y-cwarel, where 
it exhibits the same northward dip as the Silurians on the north side 
of the Pandy anticlinal. 

The following section (fig. 3) illustrates the structure of the 
southern end of the Rhymney range of hills :— 


Fig. 3.— Diagrammatic Section from Rhymney Bridge to Coed-y- 
cwarel. (Scale, 2 inches to a mile.) 


8. N. 
Rhymney Pen-yr- Coed-y- 
Bridge. - Cae Castell. Rhymney. heol. Pandy. cwarel. 


a. Gravel. c. Old Red Sandstone. d. Silurian. 


From the foregoing description, which is founded on a large 
number of careful measurements of ‘‘dips and strikes,” one sees that 
the rocks of our area have been folded from N.N.E. to 8.8.W. into 
a series of folds trending from W.N.W. to E.S.E. 

One must not omit to point out, however, that on traversing the 
district from KE. to W. one discovers the existence of a second set of 
foldings at right angles to the preceding. Thus, on the east of the 
Rhymney the principal Silurian strata dip to the N.N.E. at first, 
but more to the north the dip changes and becomes N.N.W., while 
on the Pen-y-lan side the dip of the corresponding beds is to the 
N.E. or even due E.; so that the valley of the Rhymney, between 
Rhymney and Pen-y-lan, lies in the axis of a synclinal fold. Further 
to the W., again, the dip changes, at first becoming nearly due N. and 
then N.W., giving to the hill which slopes from Pen-y-lan to Llwyn- 
y-grant-uchaf an anticlinal structure. Still continuing to the west, 
we once more find a change in dip, the beds now striking either due 
north or a little east of it. Thus the Pen-y-lan range of hills, 
which attains a greater height than the preceding, les in a wide 
synclinal fold. 

The folds trending more or less north and south are much less 
marked than those trending east and west, The existence of two 
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intersecting sets of folds, however, is clearly evident, and makes 
itself inconveniently felt in the great irregularity of dip and strike 
to which it sometimes locally gives rise. 


Succession of the Silurian Strata. 


Unless the anticlinal axis of Pen-y-lan hill rises as it passes east- 
wards towards Rhymney, the beds exposed in the ditch below Pen- 
y-lan House, on the axis of this anticlinal, must be the oldest in 
the neighbourhood, and give us therefore a convenient base-line to 
work up from, the more so as the quarry in Pen-y-lan hill lies on the 
line of strike of the axis and not far from its exposure in the ditch. 

Pen-y-lan Quarry.—tThis will be found in a field on the side of 
Pen-y-lan hill, a little south of the “y” in “ Pen-y-lan” on the 
Ordnance Map. It exposes yellowish and greenish-grey mudstones 
and fine argillaceous sandstones, rather thickly bedded, and tra- 
versed by two sets of joints, which, together with the bedding- 
planes, divide the rock up into a number of roughly cubical blocks. 
These weather into a spheroidal form, and exhibit an incipient con- 
cretionary structure, both concentric and radiating. 

The beds strike nearly W.N.W., and dip at an angle of 30° to the 
N.N.E. 

Feeling dissatisfied with my own determination of the fossils I had 
collected here and elsewhere in the district, I submitted them all to 
Mr. Etheridge, who with great kindness prepared the lists which are 
given here and subsequently in the paper. I have ventured to incor- 
porate with the fossils from Pen-y-lan those named for Mr. Norman 
Glass by Mr. Salter. 

Fossils from Pen-y-lan. 
(The range of the species is not carried below the Silurian in cases where they 
descend into the Upper Cambrian.) 


Llandovery.| Wenlock. | Ludlow. 

Petraia bina, LOonsd............0..00.e00e0- * * 

Cyathophyllum elongatum, Phil. ...... * 

Lingula cornea, Sow. ............06 SP ees. sed cope a ciponNL e R * 

Atrypa reticularis, Lin. ..........ceceeeee * * * 

Leptzena sericea, Sow. .............000e0ee % 
transversalis, Dalim. .........0000.. % % 

Strophomena euglypha, Dalm. ......... x * * 
compressa, SOW. ...........0-- seen. * * 

Spirifer plicatellus, Linn. ............52. % # * 

Meristella tumida, Dalm. ..............- % * * 

Avicula planulata, Conr...... boatoecn Siete % * * 

Ambonychia tumida, Soll. 

Murchisonia pulchra, M‘Coy ............ * 

Bellerophon dilatatus, Sow, ............ % * 

Phacops caudatus, Brin. ........c0000 * * * 
longicaudatus, Murch. .........60 * * * 
Stokesii, Hdw. ....... eeeoieenaeese ae % * % 

IAGIGARPISICOLONALAR ISTIC) vesceenecssses||) ceeees | ||  cceneee % 

Tileenus barriensis, Murch. ..........0000-| saeees % * 

Calymene Blumenbachii, Brongn. ...... @ * 

Cheirurus bimucronatus, Murch. ...... * * 

Encrinurus punctatus, Briimn............. * * * 
WAMLOLAMIS EB NONG Da vetcreiscsesiecnce|| © Uses * 


ORIG sw Nor 1ls9: Db Ti 
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It will be seen from this list that the beds belong to the Wenlock 
series, though they have very much of a Llandovery facies. The only 
exclusively Ludlow forms are Lingula cornea and Acidaspis coronata ; 
and the determination of these rests on somewhat imperfect speci- 
mens. On the other hand, we may draw attention to the great 
abundance of Petraia bina and Enerinurus punctatus, together with 
Leptena transversalis, and the occurrence of Leptena sericea. I do 
not mention Murchisonia pulchra, because its determination is some- 
what doubtful ; nor Pentamerus oblongus ; for though a fine specimen 
of this shell was found in the quarry by one of my students, I have 
not been able to find one myself, and had the misfortune to lose the 
single specimen which was presented to me. I think, however, that 
it will be generally allowed that, while the beds are probably 
Wenlock, they must yet be assigned a position near the base of the 
series. 

The next highest beds in the series are to be found in the ditch 
on the left-hand side going up Pen-y-lan lane. They consist of 
hard siliceous grits and soft mudstones. Leaving these we turn 
down a lane running parallel with and immediately north of the 
word ‘“‘ Pen-y-lan” on the map, again turn out of this to the left, 
into a narrow path leading to a farm: here, in a small cutting, we 
find red or claret-coloured fine argillaceous sandstone, striking 65° 
W. of N., and dipping at an angle of 27° to the north. These beds 
are quite unfossiliferous, and closely resemble many parts of the Old 
Red Sandstone. 

A little further, and we come to a quarry cut in a hard siliceous 
grit, which may be better studied on the other side of the Rhymney, 
and to which we give the name of the “ Rhymney Grit.” 

Crossing now to the Rhymney ridge, which in practice must be 
done by continuing along the turnpike road from Roath towards 
St. Mellons, we first meet with Silurian beds on the right-hand side 
of the river after crossing the bridge over the Rhymney. They are 
exposed only at low tides, consist of greyish mudstones passing into 
argillaceous sandstones, and contain fossils, of which Mr. Ross and 
myself obtained the following species—Petraia bina, Strophomena 
depressa, Encrinurus punctatus, Leptena sericea, and others too frag- 
mentary to determine. ‘The strike, as well as we could make it out, 
is 55° W. of N., and the dip 30° and towards the north. 

These beds, then, correspond lithologically and paleeontologically 
with those of Pen-y-lan quarry, and therefore in all probability 
occupy the same horizon. Indeed, there can be no doubt about this, 
since they occur at just about the same depth below the character- 
istic Rhymney grit, which we shall presently describe. 

Turning now to the left on crossing the bridge, we walk across a 
grass-grown tidal flat to the banks of the Rhymney below Cae 
Castell. Here we meet with a beautiful cliff-section across the 
Silurian beds—only observable, it is true, between tides, and grass- 
grown and inaccessible in places, but on the whole displaying the 
seriesadmirably. The first bed we reach is the Rhymney Grit, which, 
by a rough triangulation, lies about 380 feet above the Pen-y-lan 
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beds exposed at the bridge. As this grit, however, is displayed 
more fully in the Rhymney hill at a point just south of the “a” in 
“‘Ty-mawr ” on the map, we had better take our description of it 
from the latter place. 

tihymney Quarry.—On entering the quarry, which is cut from 
W. to KE. in the south side of Rhymney hill, one is struck by the 
massive appearance of its thick-bedded sandstones, which rather 
suggest at first Old Red Sandstone than Silurian rocks. They have 
been well quarried into for use as road-metal, for which they might 
be much more extensively employed, being far better adapted for 
that purpose than the worthless Lias limestone which is largely used 
around Cardiff. 

The exposed surface of the beds rising from some pools in the 
quarry exhibit beautifully regular ripple-markings ; and in some 
places the sandstone is extremely false-bedded. The smooth surface 
of one exposed bed gave a strike of 55° W. of N. with a dip of 33° 
to the N.E. Large joint-planes are numerous, and are always 
coated with red oxide of iron. 

The following is a section of the beds exposed, in ascending 
order :— 


ft. in. 
1. Grey sandstone, with iron-stained fossils (Grammysia cingulata) 
and numerous fragments of mineral charcoal ...................+- 2 0 
(In the lower part of this bed is a thin calcareous band of 
bluish colour, weathering yellowish grey, and containing nume- 
rous badly preserved fossils. ) 
2. Thin parting of grey-blue clay............. Basantobas adobe Sapa dacee se aBacne 
Lo. Massive sandstone, with fucoidal remains, becoming flagey in some 
places, and showing ripple-marks, in others passing into a fine- 
grained conglomerate, greyish and bluish in colour at top and 
bottom, but rusty red in the middle; altogether .................. 23° 6 
31. Welle Sean Faiavs s Gooagnqsanasoeddqndnsnee aos Gnoncenbeeuocobadeua lnpnpeioceaE Ovi 
em Chreyas mau d stone rea: sis oseuiiechs desedamese sve saeqesactiescaasadacsids caries 2 4 
6. Black tenacious clay parting, with light green spots .................. @ 1 
7. Massive sandstone, becoming flaggy in places; light grey to brown 21 5 
8. Compact fine-grained, yellowish, friable sandstone, with dark-grey 
fucoidal impressions, patches of mineral charcoal, and red iron- 
stained casts of fossils, chiefly Lamellibranchs and Univalves ; 
from the prevalence of Ctenodonta subequalis,itmay be termed 
the “ Cienodonta-sandstone” .........sacseceens sree seeescesesecnescns ie 
EME RCV SOME CTINS IAL ES) ree serene ae cle Ne cel sice erileciineisiomjer ening seisle wie sols sctecatisiane I & 
10. Alternating compact and flaggy greyish sandstones ................4. 8 10 
ee Partineaatiblnel shall Oaes.. ese scscecigscseas oveh seas a qeewieatibidsissemesiel 0 2 
12. Alternations of compact and flaggy or laminated greyish sand- 
BHOMECSmMatpeiiesaaseintiatetciienceiiesiclsccie sulci sin stiisinalsiesiantalteclesajsles 8 0 
MUON casabneogeneaconbece nocinr comorgone niches 70 5 


Thus, in the Rhymney quarry, we have something like 70 feet of 
sandstone beds, the lower 40 feet or so being more or less massive 
in the quarry, though when exposed at the surface they weather 
into a great number of thin beds. ‘This massive sandstone or grit 
consists of fine angular particles of colourless quartz, which, though 
very firmly compacted together, yet leave abundant interstices, which 
are more or less filled with brown or red oxide of iron. The sand- 

22 
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stone thus presents a prevailing reddish tint when the red oxide is 
abundant; but on minute inspection it is seen to be really greyish 
or colourless, and only speckled with red dots. ‘This gives it a very 
characteristic appearance ; and as it is the only bed traceable across 
the country, we may conveniently give it a distinct name, the 
«Rhymney Grit” appearing to be the most appropriate. 

Mr. Storrie, the Curator of the Cardiff Museum, has prepared some 
thin slices from one of the sandstone beds which contains fragments 
of mineral charcoal; and these show under the microscope very 
distinct woody structure. This fact, combined with the leaf-like 
form of many of the fragments and the spore-like structure of others, 
leads us to imagine that we have in this mineral charcoal the earliest 
known occurrence of terrestrial plant-remains in the Silurian series 
of Europe. . 

The fossils in the yellow sandstone, or “‘ Ctenodonta-bed,” whic 
occurs in a recess of the quarry near the top on the north side, are 
only found as casts. They are very abundant, well defined, and 
would repay a more extended examination than I have yet been 
able to give them. 

The following is a list of Mr. Etheridge’s determinations, to which 
I have ventured to add one or two of my own making :— 


List of Fossils from the Ctenodonta-bed, Rhymney Quarry. 


Llan- 


d Wenlock. | Ludlow. 
overy. 


Ctenodonta subzequalis, Sow. ............ * 

Modiolopsis platyphylla, Saléer 

elevata, Sollas. 

acutiprora, Sol/as. 

Modiola, sp. 

Holopella gracilior, M‘Coy............2.) 0 veeeee * 

—— hydropica, Sod/as. 

minuta, Sollas. 

Murchisonia gracilis, Hall. Llandeilo. 

—— elegans, Sollas. 

Pterinea pleuroptera, Conr. Caradoc. 

——, sp. 

Bellerophon carinatus, Sow. ............ * 

Cyrtoceras, sp. 

Rhynchonella nucula, Sow................ * * 

IDNigerine, rane, YOR, cgasoaonaceacpocn00a0]] — o0a00 x 

Sjomeodots IDAs, WNC  gosoouconcacoeanea| | Ob0004 x ar 

Polyzoon. 

Fragments of plants, including Pachy- 
theca spherica, Hooker .................. 


* 


An examination of this list appears to indicate Ludlow rather 
than Llandovery affinities, and thus led me to look for the appearance 
of the Rhymney Grit near the top of the river-section below Cae 
Castell. It was therefore with some surprise that, failing to find it 
there, I afterwards discovered it near the base of that section. This 
opservation, however, cleared up the difficulties which the country 
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had previously presented; and I was subsequently able to trace the 
Rhymney bed right across the Pen-y-lan district to the Starting- 
house on Heath-farm hill. It forms a well-marked feature in the 
country ; and quarries have been opened in it at half-a-dozen places 
along its outcrop. 

In one of these quarries, which occurs just on the edge of Coed- 
tir-Caled, Mr. Ross and I observed false-bedding as perfectly dis- 
played as by many glacial sands. 

Several of the joint-planes in this quarry were polished and striated 
with true slickensides; but no trace of a fault could be found. It is 
true that the joint-face was coated with hematite, and that the 
striation might be attributed to a fibrous structure in this mineral ; 
but such is not the appearance it has to my eye, and I prefer to 
believe that it resulted from movements among the already jointed 
rocks, which took place when the Siluro-Carboniferous country was 
being elevated above the sea-level. 

We may now conveniently resume our description of the river 
section exposed on the side of Cae Castell, and further north. 

River Section.— Above the Rhymney Grit, which we mentioned as 
occurring at the base of this section, a series of alternating argilla- 
ceous and sandstone beds succeeds, to a great extent mud-covered 
and of no great interest, till at a distance of 107 feet vertically above 
the Rhymney bed we reach a curious reddish-brown ferruginous 
mudstone, thickly crowded with a number of irregular concretions or 
galls, and containing fossils. It is, however, so very badly exposed 
that I only succeeded in obtaining a single specimen of the latter, which 
is a well-marked Grammysia cingulata. This bed is followed for 
11 feet 4 inches by alternating compact flaggy, argillaceous, and 
siliceous sandstones of a greenish and yellowish-grey colour. A blue 
erystalline bed of limestone then appears; it is 5 inches thick, and 
is composed of a number of crushed fossils—Rhynchonella, Orthis, 
Strophomena, and Encrinite-fragments too imperfect for specific 
identification. Above this, compact siliceous sandstones, flaggy 
argillaceous sandstones, and mudstones follow for 8 feet vertically, 
and then more or less broken ground for about 50 feet vertically, 
when we reach the following section, which is very clearly exposed 
in the side of Cae Castell :— 


Section im the side of Cae Castell (ascending order). 


1. Alternations of flagey fossiliferous and compact siliceous sand- ft. in. 

stones, of greenish-grey colour, generally micaceous ............ 5 2 

2. Grey compact sandstone bed, more or less calcareous .............46 0 10 

By, Liha! Cit Inia) so46do00e0 deeodoosbanodoc0bodo0aD 6D odHOo0G0qDDNe0K00G0006 0 2 

4, Blagey grey siliceous sandstone -......0.....ccscececceceeecceoneecsceeeves 1 8 

5, Hard grey siliceous limestone, weathering yellowish brown ...... 1G 
6. Siliceous sandstone, with an intercalated band of limestone 1 inch 

BIC eaters tateice setiactve soa certe cise ed's aaalsuie wisi ciutelanlcles site bisaaatits mieina gave 4 

7. Parting of yellowish calcareous and fossiliferous sandstone......... 0 2 
8. Caleareous fossiliferous sandstone ; light bluish grey, weathering 

pV Gllowigeresemecotacemats ons ates secure seiatskiaicisniciriae sosidenl seems nh salteetaseee 2 

9. Yellowish and greenish-grey shales — ............seceecsecscescsvenaneaee 0 6 

10. Light-grey crystalline limestone, fall of corals .........cceseeeeeeneene 0 6 

Carley LOLWALC Maccnoiernsshavsssoatsoresastnaesaeemeeemeae manete 14 0 
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ft. in. 
Brought forward igeresteses concer sees aee er aeeece accesses 14 0 
11. Rusty-red muddy and concretionary bed, calcareous and full of 
fossils,of£ Wenlock age!) civsccisss.mocs adeeeeteseensnene bee ac asccceenee 2 0 
12. Alternations of compact and flagey sandstones ..............sceeseeeee 1 8 
13. Fine-grained, compact, argillaceous, claret-coloured sandstone ... O 11 
14. Alternations of flaggy and compact sandstones and mudstones, 
greenish orey, {h.cssss dba ec nsbewacessseeaeRcer eee Me ewe sen ee aceee 10 7 
15. Greenish-grey shales, with lenticular patches of limestoneand fossils O 9 
16. Thin-bedded sandstone and shales, fossiliferous in places............ ie) 
eelenticularspabchesyotpliniestouelsaceesteste sce eReee tee eee eereeceneeee Oe, 
18. Greenish-grey fossiliferous shales................2scscecreceenecescnces e+ 0 8 
19. Thin bed of impure crystalline magnesian limestone, yellowish 
grey, full of casts of fossils, especially of Pentamerus levis ... O 3 
20. Greenish-erey flaggy sandstone and mudstone ...........-.c0eeeeeee ee 0 9 
21. Calcareous sandstone, full of branching Favosites fibrosus, which 
weathers into worm-like holes on the surface .................-+-+ 0 2 
22. Alternations of greenish-grey mudstones and flagstones, with occa- 
sional lenticular patches of limestone..............0.:eeeeeneeeeeeeees 10 5 
Total thickness ....... noosdoseaneoaoane 44 1 


The flagey sandstones and mudstones of this series are mostly 
more or less micaceous. 


The most important beds are those numbered 10,11, and 19. The 
first two are the most fossiliferous beds in the neighbourhood; and 
I obtained, in company with Mr. Ross, the following species, most of 
which have been named by Mr. Etheridge. 


Fossils from the Beds 10 and 11 in the Cae-Castell Section. 


Llandovery.| Wenlock. | Ludlow. 
Cystiphyllum cylindricum, Lonsd....... 
Heliolites interstinctus, Wahl. ......... 
———— innlonllannnict IGS ocogs000a7c900000006 
Omphyma turbinata, Linn. ........-..00-- 
Syringopora bifurcata, Lons. ............ 
—- fascicularis, #. & H. ...........00- 
Favosites gothlandicus, Linn. ......... 
=== Morass), Gro concotccssobounnssesoon 
Halysites catenularius, Linn. ............ 
Diastopora consimilis, Lonsd. Llandeilo. 
Bellerophon wenlockensis, Sow. ......... 
Euomphalus sculptus, Sow........ eonoade. 
THObaNODEL SOME - scsooononncdsane Borneo 
Eunema cirrhosum, Sow.......:.s.eeeeess 
Acroculia haliotis, Sow. ........0:s00.006- 
Mytilus mytilimeris, Conr................ 
Pentamerus galeatus, Dalm. ...........- 
Stricklandinia lirata?, Sow. .........05- 
Atrypa reticularis, Linn.:......s0.cce000 
Rhynchonella Wilsoni, Sow. ............ 
borealis Schiae aces eeeee sc eeee scat 
Strophomena euglypha, Dalm. ......... 
Orthis elegantula, Dalim. .........s.10000-+ 
Orthoceras angulatum, Wahl............. 
Phacops caudatus, Briinn. ....... cooda00 
Calymene Blumenbachii, Brongn. ...... 
Illenus barriensis, Murch. .......6. 0000 
Tentaculites ornatus, Sow. ......scc00000: 
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The previously ascertained range of each species is shown in the 
vertical columns appended to the list, which on mere inspection will 
convince us of the age of the beds in which the fossils occur. No 
one I think will hesitate to refer this forty feet or so of the Cae 
Castell section to the horizon of the Wenlock limestone, although 
the total thickness of true limestone beds which occur in it does not 
exceed a foot or two at the most. If this determination be accepted, 
then the occurrence of bed 19 about 16 feet above the layer of 
Wenlock corals is somewhat surprising, since the higher bed is 
crammed with casts of true Pentamerus oblonqus, var. levis. From 
the imperfect casts I submitted to Mr. Etheridge he concluded that 
they probably represented this species; and on sending them to 
Mr. Davidson he concurred in the opinion of Mr. Etheridge. I 
have since, however, taken impressions in gutta-percha of some of 
the best-preserved of the casts; and these convert the probability 
into a certainty; so that the range of Pentamerus oblonqus, var. 
levis, must, in our district at least, be carried considerably above 
the Llandovery beds and into the middle of the Wenlock. Perhaps, 
indeed, it ranges still higher; for I find in our museum a solitary 
specimen bearing the label Pentamerus levis, and imbedded in 
Aymestry limestone. Above the section just described Silurian beds 
are exposed almost uninterruptedly for about 150 feet vertically. 
I took the trouble to measure and describe every separate bed for a 
thickness of over 100 feet; in this thickness there are 230 separate 
beds, varying from 1 inch to 2 feet 6 inches in thickness. They 
consist of alternations of compact fine-grained sandstones, more or 
less argillaceous thin flaggy sandstones, mudstones and shales, with 
now and then a thin parting of soapy unctuous clay. The prevail- 
ing tints are various shades of greyish green, weathering reddish 
brown, with here and there a bed of red or claret-colour. Many of 
the beds are micaceous ; some abound in fossils ; and others are quite 
devoid of them. ‘There is no connexion between the colour of the 
bed and the presence or absence of fossils, the reddish beds contain- 
ing fossils quite as frequently as the greyish ones. Worm-tracks 
and fucoidal markings are abundant; and many of the beds are 
rippled on the surface. Calcareous matter is rare, only one band of 
impure limstone occurring throughout the series; and that is but 4 
inches thick. It appears 100 feet above the base of this section or 
the top of the preceding one. 

The following is a list of the fossils from this section :— 
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Wenlock. | Ludlow. 


Bellerophon trilobatus, Sow. ............ * * 
Heculiomphalus levis, Sow. ............ * 
Murchisonia Lloydii, Sow. ........:.0066-|  ceeeee 
Pterinea Sowerbyi, M‘Coy .........20002-| vases 
tenuistriata, Coy). .....:...0c.0.000)|  veense 
Ohmrabiolks, iain, SIR, coocssosconose0n0cced| — gaaooe 
Orthoceras ibex, Sow. ...........ccseeeeees * 
josmellegenng,, SUK js5000ad0000800000004] . o00000 
sp. nov. 
Iinraeqeiley, Ibis, SCAM, cacsocoscoosneb00cGed|| | o0c000 
Orthis elegantula, Dalm. .............006.. * 
HOSP, ISIOCD),” abd obadoobunocubdodoooobdDe * 
Strophomena euglypha, Daim. ......... * 
depressa, Dali. .......c0.c.ceeeoeee- * 
Chonetes lata, Von Buch......cccccececee.|  ceceee 
Meee, IDET > cogooonsdosKsooc0oD0c|  sogood 
Leptzena leevigata, Sow. ....2......220000] sea eee 
Rhynchonella nucula, Sow..............-: * 
borealis SCHL Pa een teneec peice * 
* 
* 


KK OK OK OK °K 
2K OK OK OK OK CK OK OK 


KKK OK KOK OK OK XK 


Phacops caudatus, Briinn. .........06066- 
Calymene Blumenbachii, Brongn. ...... 
leloprnrlkonoyguiss Gauls atl, JCI, Gocnopoas||. cocaoo || sooonc 
drachyderma|squamosayc/01 que needs || eeseeee tilde ener 
Syringopora serpens, Linm..........0..0 * * 
Monticulipora Fletcheri, 2. g Hl. ......|  ...... % 
Cyathophyllum pseudoceratites, M‘Coy| ...... * 
Worm-burrows and worm-tracks. 


Kk Kk KOK kK ok Ok OK OK 


* OK OK 


On the evidence of these fossils we may safely refer the beds in 
which they occur to the Ludlow series, and on stratigraphical 
grounds to the lower part of that series. 

To this series belongs also a peculiar red ferruginous bed which 
crops out near the end of the ditch on the right-hand side going up 
Rhymney hill. It contains, amongst others, the following fossils :— 


Strophomena filosa, Sow, Pterinea, sp. 

applanata, Salt. Phacops caudatus, Briinn. 
Atrypa reticularis, Linn. Proétus latifrons, M‘Coy. 
Orthis lunata, Sow. Petraia bina, Lonsd. 

Sowerbyana, Dav. Cyathophyllum, sp. 
Rhynchonella nucula, Sow. Nidulites favus, Saiz. 
Chonetes, sp. Syringopora bifurcata, Lonsd. 
Mytilus exasperatus, Sal¢. Ptilodictyum, sp. 


The succeeding beds are to a great extent concealed for about 
140 feet, measured vertically above the top of the preceding expo- 
sure ; but wherever they can be seen they present the same characters 
as those just described. After passing this broken ground we meet 
with several feet of clearly-exposed greenish-grey mudstones, 
abounding in fossils, of which the following list gives but a very 
poor idea :— 
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List of Fossils from Upper Ludlow, Rhymney River Section. 


Rhynchonella nucula, Sow. Pterinea Sowerbyi, M‘Coy. 
Obolus Davidsoni, var. transversus, Mytilus mytilimeris, Conrad, 
Salt. Murchisonia Lloydii, Sow. 
Rhynchonella borealis, Schl. Huomphalus sculptus, Sow. 
Discina, sp. funatus, Sow. 
Atrypa reticularis, Linn. Phacops caudatus, Brinn. 
Orthis elegantula, Dalm. Beyrichia gibba, Salz. 
filosa, Sow. Cyathophyllum pseudoceratites, M‘Coy. 
Spirifer elevatus, Dalm. Monticulipora pulchella, 1.-Hdw. 
plicatellus, var. radiatus. Alveolites, sp. 
Chonetes striatella, Dalm. Syringopora bifurcata, Lonsd. 


The beds just mentioned form the beginning of a low bank, 
which continues to afford small exposures for some distance north- 
wards. The beds so exposed are all of the Ludlow type, exceed- 
ingly like those of the Usk district, greyish and brownish mudstones, 
with numerous layers of iron-stained fossils, among which Chonetes 
striatella, Orthis lunata, and Strophomena euglypha are the most 
abundant. They continue for 74 feet vertically above the first beds 
of the bank, and then give place to genuine Old Red sandstone and 
shales; the change takes place very rapidly, Ludlow beds, full of 
fossils, lying on one side of a small ditch, and deep-red or purplish 
flagey micaceous sandstones on the other. Just above the highest 
Ludlow and below the Old Red Sandstone a brownish grit, speckled 
with grey felspathic particles, occurs. It abounds in fragments of 
fish-bones, which, however, with the single exception of some 
spines of Onchus tenwistriatus, are too obscure to be even generically 
identifiable. I have never been able to find the bed itself, only the 
fragments which lie upon its outcrop; but Mr. Storrie by digging 
beneath these has discovered the bed in situ, just about the place 
where I had concluded it must occur. 

The general succession of the Silurian beds in the Cardiff area 
may be summarized in the accompanying general section (fig. 4, 
p- 488), in which the thicknesses are taken from the Rhymney river 
exposure. 

The total thickness of the Silurian beds exposed is thus about 
950 feet; and if the base of the series is Wenlock, as we suppose, 
and not May Hill in age, then the thickness of the Wenlock may be 
taken at 581 feet, and of the Ludlow at 364 feet, the relative thick- 
nesses of the two series being much the same as at Usk, though the 
actual thicknesses are a little greater, as one, indeed, might expect 
from the replacement of calcareous by sedimentary strata. The 
uniform character of the whole series is very striking, alternations 
of sandstone and shales repeating themselves with wearisome 
monotony, and the total thickness of true limestone not exceeding 
3 or 4 feet at the most. The prevalence of sandstone beds, often 
exhibiting ripple-markings and oblique lamination, and the numerous 
fragments of plant-remains, all point to a shallow sea not far from 
land. Even the limestone beds, such as they are, point to the same 
conclusion ; for the interstices between the shells of which they are 
chiefly composed are not always filled up with limestone, but with 
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angular siliceous particles or true sand-grains, or, it may be, with 
impure argillaceous mud. 


Fig. 4.—General Section of the Silurian Beds in the Cardiff Area ; 
thicknesses from the Rhymney River Exposure. 


Old Red Sandstone. 


Grit-bed, containing fish-remains. 


Upper Ludlow. 


Wenlock Limestone. 


i Thin band of bluish limestone. 
Ferruginous concretionary bed. 


Rhymney grit. 


| Unknown ground; on Pen-y-lan side, 
greenish-grey mudstones and siliceous 
sandstones, with red shales and mud- 
stones in the middle. 


Greyish-green mudstones and argillaceous 
sandstone. 
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Distribution of Land and Sea. 

After the deposition of the Cambrian * (Sedgwick) a wide-spread 
upheaval seems to have taken place over the Welsh area, producing 
continental land on the west and north ; this is indicated partly by 
the difference in character of the Silurians in the east and west 
Welsh districts, and partly by the overlap of the Silurian at Llan- 
deilo-fawr onto the Cambrian, of the Old Red Sandstone onto the 
Cambrian at Llanddarog, and of the Carboniferous onto the Cam- 
brian at Selbeck. 

The thicknesses of the Silurians in the east and west districts 
respectively are given in the following table. 

Sedimentary. Calcareous. 


Eastern districts. feet. feet. 
Nien clad eerie etn... 6 on ane ae 3600 350 
NGI CUMS! enters eee ces ss ae aees 3650 300 
NVCOIR ODES tee ieee ayes a eh ea 2540 250 
IND asy pci Os eae tee te. ty ae 2740 550 
UUESTES saaces Seon aeons eR rea ame Sz 1100°@) ~~ 270 

Western districts. 
Survey section crossing Clun Forest .. 11,000 0? 
BION GT : AEA page Benen tec tele steed eRe ae 5250 10 
I DIBNMC ONES A eRe eect ccc crete nena ae 6400 0? 
NSAI CUCKS) a epee noe he ee ee 3460 0? 
Rhymney (Wenlock and belles only). 950 4 


From this it would appear that the source of sediment was north 
and west, and that the area of greatest subsidence also lay in that 
direction. This is true of the Silurians; and I believe it holds good 
for the Old Red Sandstone as well. What, then, are the relations of 
the Devonshire to the Welsh area? One has hitherto supposed that 
the Silurians were absent in Devonshire, the oldest rocks being the 
unconformably overlain Cambrians of Start Point; and certainly 
this would accord very well with the approach to an area of mini- 
mum subsidence in a southerly direction, which a study of the Welsh 
Silurians seems to indicate. On the other hand we have that 
immense development of Devonian strata in the southern district, 
which, to my mind, is most feasibly explained by Mr. Hull’s hypo- 
thesis ; and if so, I think, considering the general thinning-out of the 
Siluro-Carboniferous strata of South Wales from N.W. to S.E., that 
we are driven to conclude that the Devonshire and Cornish area is 
a totally distinct one from the Welsh, and was formerly separated 
from it, if not by a narrow ridge of elevated ground, at least by a 
more or less stationary sea-floor, which would practically be quite 
as efficient a barrier. 


Relations of the Cardiff Silurians to the Old Red Sandstone. 


Wherever a junction is exposed, the Old Red Sandstone of this 
district succeeds the Silurian with the most perfect conformity. 
Passage-beds appear to be wanting. 


* Wherever the term Cambrian oceurs in this paper, it is used in a Sedg- 
wickian sense, 
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The Old Red Sandstone lies, then, 
conformably upon the Silurian ; it 
likewise passes conformably be- 
neath the Carboniferous Limestone 
of the Taff Gorge; and it shows no 
signs of being unconformable to 
itself. Thus the existence of an 
ascertained base-line to the Old Red 
Sandstone near Cardiff gives us a 
fresh opportunity for determining 
the thickness of this formation. 
Good exposures, however, of the 
Old Red Sandstone are rare, and 
over a wide east and west valley 
south of Lanishen almost entirely 
wanting. Still certain points of 
importance can be made out, the 
best section to follow being that of 
the Rhymney railway, which, from 
the Starting House on Heathtarm 
Hill to the Carboniferous escarp- 
ment, cuts directly across the strike 
of the intermediate Silurian and 
Old Red Sandstone beds. The 
section is given here (fig. 5). 

On the railway, just south of the 
Starting House, an anticlinal is 
seen bringing up the Rhymney 
Grit and Wenlock beds. The axis 
of the anticlinal strikes nearly due 
east and west; and the beds on its 
north side dip at an angle first of 
25° and afterwards of 45° towards 
the north. The railway is then 
carried along an embankment, and 
affords no insight into the nature 
of the country for a mile after 
leaving the Silurians. Running 
parallel with the railway, how- 
ever, we haye on the other side of 
Nant-mawr the range of hills 
which stretch from Pen-y-lan 
northwards; and this supplies us, 
for the southern half of the inter- 
val on the railway, with sections 
in which the Old Red Sandstone 
is exposed, with a persistent dip 
more or less to the north. 

The wide east-to-west valley which 
rendered the railway embank- 
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ment necessary, ceases just before we reach Lanishen station, and 
the railroad is once more carried through a “ cutting.” Deposits of 
gravel, sand, and clay are first exposed; these attain a thickness of 
as much as 30 feet, and contain here and there large subangular 
boulders of limestone and grit; one of these boulders, evidently 
derived from the Mountain Limestone, measured 3X33 x2 feet. At . 
the base of these gravels the Old Red Sandstone is exposed at 
Lanishen station; it there consists of a loose conglomerate which 
dips from $.W. to N.E. atalowangle. Further on, red shales with 
calcareous nodules occur beneath the gravel at the signal-box past 
the fifth mile marked on the section. These beds, also of Old Red 
age, dip from N. toS. at an angle of about 11°. The half mile 
between Lanishen and the signal-box, which is covered by gravels, 
would thus appear to conceal the axis of a synclinal fold. 

The southward dip of the Old Red beds, which from this point 
are continuously exposed, is maintained for half a mile further 
north ; it is then replaced by a dip in the opposite direction, the beds 
(sandstones, conglomerates, and marls with thin bands of cornstone) 
rolling over in an anticlinal curve which is beautifully revealed in 
the banks of the railway-cutting. The dip is now northward, and 
does not again change within the limits of our section, the Carboni- 
ferous shales and limestone coming on conformably with a dip in 
the same direction, and at a distance of 1188 yards from the place 
where the axial ridge of our last anticlinal occurs. Over this dis- 
tance the average dip of the Old Red Sandstone may be taken as 
about 30°, which gives us 1782 feet as the approximate thickness 
of the Old Red which lies between the axis of our anticlinal and 
the base of the Carboniferous series. If only the Silurian had been 
brought up by the anticlinal, we should now know the thickness of 
the Old Red in our district ; as it is, our knowledge so far amounts 
to no more than the certainty that this thickness cannot be less 
than 1782 feet. Let us, however, make an approximate calculation 
of how much ought to be added to this minimum thickness in order 
to obtain the total thickness. The beds south of the anticlinal axis 
appear to dip at a less average angle than those to the north of it, 
so that we may expect to find them extending over a greater dis- 
tance than those which they repeat. We return now to the ground 
beneath which our supposed synclinal lies; and as the position of 
its axis is not known, we may assume it to lie midway between the 
signal-box, where the beds dip to 8., and Lanishen station, where 
they dip to N. This midway point is distant 1496 yards from the 
axis of the Old Red anticlinal; we eliminate this distance from our 
section, then, as belonging to beds which have already been measured. 
The dip of the beds between the axis of the synclinal and that of 
the anticlinal is, as we said, less than 30°; it would not do, there- 
fore, to measure off another 1496 yards to the south as repre- 
senting the beds repeated on the south side of the synclinal; it 
will be fairer to take the 1188 yards which the same thickness of 
beds dipping at 30° would cover for that purpose. Having now 
allowed for the repetition of the strata on the south side of the anti- 
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clinal axis and on the south side of the synclinal axis, in all 2684 
yards, we have left a distance of 2024 yards, which is covered by 
the remaining Old Red beds and by the top of the Silurian series. 

This horizontal distance corresponds to a vertical thickness of 
3036 feet for beds dipping at an average inclination of 30°. We 
finally deduct 545 feet, the thickness of the Silurian beds which are 
known to lie above the Rhymney Grit, and then have a remainder 
of 2491 feet, which, added to the 1782 feet previously determined, 
gives us 4273 feet as the total thickness of the Old Red Sandstone 
in this part of South Wales. Of course this determination is only 
approximate and depends partly on an assumption; but I think, if 
found to err at all, it will rather be on the side of over- than under- 
estimation of the true thickness. Thus, in passing from the Vans of 
Brecon, on the north side of the coal-basin, to our area, a distance of 
about 25 miles, the Old Red Sandstone has lost more than half its 
thickness. Along with this we find a corresponding thinning-out 
of the cornstones of the formation, which were much more sparingly 
represented here than.to the north. This is in full accordance with 
an opinion which L have for a long time entertained, that these 
calcareous beds are mechanical sedimentary deposits, not imme- 
diately derived from organic remains, but only indirectly through 
the denudation of previously formed limestone beds, belonging pro- 
bably to the Cambrian formation. 

It would be foreign to the subject of this paper to enlarge further 
on this topic, and I hope to be able to say something more about it 
on another occasion; but I may perhaps be allowed to add now 
that although calcaréous beds are generally regarded as in all cases 
due to deposition from solution either by evaporation or through the 
immediate agency of living things, yet there are several instances in 
which they have not been so formed, but have on the contrary been 
derived from sediments which have been carried in suspension and 
strewn out in deposits, in just the same fashion as clay or any other 
mechanical sediment may be. The conglomerates of Mountain 
Limestone formed on ancient beaches of the Lias are a case in point ; 
and the pebbles of these conglomerates are frequently as well 
rounded as any we can find on a beach at the present day. What 
has become, then, of the asperities and angles which have been 
worn away during the rounding of the pebbles? The usual reply 
is, ‘¢ Dissolved in the surrounding sea-water;” but it seems to me 
that there is always the alternative possibility that it has been 
carried away as mud in suspension, just like any other mud; and if 
so, the deposition of such calcareous mud would go far towards 
explaining the occurrence of calcareous septaria and other nodules, 
which so frequently occur in red deposits like those of the Old Red 
Sandstone and the Trias, as well as the formation of the muddy 
Lias limestones of Penarth Cliffs, which, with their flat even bedding 
and numerous intercalations of black shales, certainly do not 
suggest an organic origin. A few oysters and such like shells may 
have contributed to their growth; but their general appearance 
certainly is that of strata formed from sediment carried in suspen- 
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sion, and very different from that presented by a truly organic cal- 
careous rock. 

After the foregoing observations, which are to be regarded more 
or less as a digression, we may return to our determination of the 
thickness of the Old Red Sandstone in the South-Welsh area, with 
the object of drawing one or two further inferences from it. 

As we have already shown, the Old Red Sandstone thins out from 
a total thickness of 10,000 or 15,000 to one of 4000 feet in passing 
from the north to the south side of the South-Welsh coalfield ; and 
from this it would appear that the existence of 13,000 feet of so- 
called Devonian strata in Devonshire is not by any means so 
remarkable a fact as it has usually been considered ; for if the Old 
Red Sandstone diminish, as it does, to the extent of one third of its 
total thickness in crossing the Welsh coalfield, a distance of 19 or 
20 miles, certainly the Devonian strata may diminish to a like 
extent in crossing a like distance, viz. from the North Foreland over 
the Bristol Channel to the nearest exposed base-line of the Old Red 
(that is, near Cardiff). 

In the next place, the simultaneous thinning-out southwards of 
the Old Red Sandstone and Silurian of South Wales, and the accom- 
panying change of character in the sediments of the latter formation, 
alike point to the existence somewhere in the neighbourhood of the 
Bristol Channel of land or a submerged barrier, which the thickness 
and proximity of the Devonshire strata forbid us to regard “as 
haying had a great extension towards the south; in other words, 
the land which our observations indicate is no other than the 
famous barrier which Mr. Etheridge was led long ago to invent 
in order to divide the Old Red waters from those of the Devonian 
ocean. 

Again, accepting the existence of such a barrier as our observa- 
tions plainly point to, then we may perhaps be able to explain by 
its means the intercalation in Devonshire of sandstone beds having 
Old Red characters, such as the Foreland sandstone, Hangman grit, 
and Pickwell Down sandstone, with other sediments, both limestone 
and slates, having true marine and Devonian characters. 

Let us suppose first that the depression of our barrier beneath the 
sea proceeded, as a rule, with such extreme slowness as to 
maintain generally a separation between the Welsh and Devonian 
areas ; each of these areas may then be subject to independent pecu- 
liarities of condition contemporaneously, and red sandstones be laid 
down to the north while marine limestones are forming the south. 
Next let us suppose that the rate of subsidence of the barrier 
became at intervals increased, so that the Devonshire and Welsh 
areas became one; it would now be possible for similar conditions to 
exist throughout the conjoined area; Old Red Sandstone conditions 
or Devonian conditions might either of them prevail over the whole 
of the Devonshire and Welsh region: @ priort we could not say 
which would so prevail, or whether both would exist together ; but 
looking to the extension of sandstones with Old Red characters into 
Deyonshire, and the absence of Devonian strata in Wales, we may 
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fairly conclude that the conditions which did overspread the whole 
area were those of the Welsh Old Red. 

According to the view just advanced the Old Red Sandstone is 
regarded as the complete equivalent of the Devonian strata, the dif- 
ference between the Welsh and Devonshire areas chiefly being that 
in the latter we have an interdigitation of rocks (fossiliferous beds) 
formed under Deyonian conditions with other rocks formed under 
Welsh conditions (whatever those may have been), while in the 
former the beds of Old Red Sandstone were deposited under condi- 
tions which remained approximately the same from the beginning 
to the end of the period. 

The Old Red Sandstone of South Wales is a continuous deposit 
from the conformable Silurian at its base to the conformable Car- 
boniferous at its summit; and hence nothing can be clearer than the 
inference that whatever formations or unconformities occur else- 
where between the top of the Silurian and the bottom of the Car- 
boniferous, they must one and all have taken place during the time 
that the Welsh Old Red Sandstone was in process of formation ; and 
whatever correlation may be made of the Devonshire beds with 
corresponding rocks in Ireland or on the Continent, they must at 
all events, so far as they are admitted to lie between the Silurian 
and Carboniferous, be regarded as having been formed during the 
whole or a part of the time known as the Old Red Sandstone period ; 
the genuine Devonian may be the equivalents of the whole or a part 
of the Old Red Sandstone, but no more. 

A word finally, if it be not too far from the point, as to the dis- 
tribution of areas of elevation, or minimum depression, and of 
maximum depression over the West-of-England Old Red Sandstone 
area. The evidence, so far as it goes, certainly points to the exis- 
tence between the meridians of 3° and 4° of iongitude of three more 
or less east-to-west areas of minimum depression, and of two inter- 
vening areas of maximum depression. The zones of minimum 
depression were (1) a northernmost area over the north part of 
Wales, which, as shown by the absence of Old Red and the uncon- 
formable presence of Carboniferous or Silurian rocks, remained dry 
land during the Old Red period ; (2) a southernmost area, probably 
the northward extension of the land which afterwards supplied 
Carboniferous sediments to Devonshire, and indicated partly by the 
Cambrian rocks of the Dodman and Start Point, which almost cer- 
tainly formed land during the Silurian period ; and (3) the barrier 
along the Bristol Channel and south of the Mendips, suggested by 
Mr. Etheridge, and supported by the observations in this paper. 
The zones of maximum depression were (1) one on the north over 
South Wales and Hereford, withits axis about the northern escarp- 
ment of the South-Wales coal-field ; and (2) another on the south 
over Devonshire and Cornwall, with its axis passing from east to 
west, probably in the neighbourhood of Plymouth. 

The central barrier was subject to movements of depression of 
very varying rapidity, which led to the introduction at intervals of 
Old-Red-Sandstone conditions over the Devonshire area, and probably 


OF RHYMNEY AND PEN-Y-LAN, CARDIFF. 495 


to the piling-up of some 2000 or 3000 feet of Old Red deposits upon 
the top of the barrier itself. It finally became completely sub- 
merged beneath the waters of the Carboniferous sea; and then con- 
ditions more like those of the Devonian prevailed over both the 
Devonshire and Welsh areas. Thus this central barrier seems to 
have anticipated in a general way the behaviour of the London-and- 
Harwich axis during the Neocomian and Cretaceous times. 


Ltelations of the Awes of the District with those of the 
surrounding Country. 


On referring to Sheet 36 of the Geological Survey, we shall find 
the Carboniferous Limestone, which forms the southern escarpment 
of the coal-basin, bending round southwards from Llanilid to Cow- 
bridge and then striking eastwards towards Leckwith; it forms, 
indeed, an east-to-west anticlinal, which ‘‘noses out” towards 
Bridgend. The conformable Old Red Sandstone, lying coaxially 
within it, “‘ noses out ” more to the east; so that the anticlinal axis 
rises in that direction, and thus brings in at length the Silurians of 
our area. Our area is therefore the lowest and easternmost exposure 
of a great Siluro-Carboniferous anticlinal which extends from bridg- 
end in the west to Rhymney in the east. The Old Red and Car- 
boniferous are dislocated by numerous north-and-south faults, from 
which the Silurian district appears to have escaped. ‘he anticlinal 
of Silurian near the Starting House is a difficult feature in the 
country; and some might explain it by a fault, for which, how- 
ever, there is no other evidence: I am inclined, myself, to regard 
it as a reappearance of the Cefncoedisaf-to-Pandy anticlinal, and 
except that traces of this fold will become more evident after a 
more searching examination of the country between Cefn-coed and 
Cefn-coed-fach. 

To the north of the Rhymney area we have the well-known Usk 
district, which with its principal anticlinal axis points north and 
south ; and though the axis seems to disappear south of Llandegfydd, 
yet its continued existence is indicated by patches of Silurian, 
which crop out about Llanfrechfa and elsewhere, while its influence 
on our region is shown. by the subordinate foldings which cross the 
latter from north to south. Between Usk and Llantrissant the 
Carboniferous Limestone lies in a generally N.E. to 8.W. curve as 
it bends from its north and south to its east and west strike; the 
Old Red Sandstone crops out in a parallel curve, as is shown by 
exposures §.W. of Newport. There can be little doubt that the 
Silurian turns round in a similar way below ground, and, I believe, 
to some extent above ground: at all events Mr. Storrie has met with 
fragments of Silurian beds near Ty-coch, Marshfield; and though 
he did not at the time succeed in finding the parent bed, there can 
be no doubt it was close at hand, and will be found on further search. 
Mr. Ross also writes me that he has evidence of outcrops of Silurian 
between Rhymney and Newport. 


Q.J.G.8. No, 139. 2M 


496 W. J. SOLLAS ON THE SILURIAN DISTRICT 


Descriptions of and Notes on Fossils. 


1. Moproxorsis AcurrIpRoraA, sp. noy. (PI. XXIV. figs. 21 & 22.) 


Shell ovate, convex transversely; umbones not prominent, dia- 
gonal ridge faint, existing only as a line of division between two 
portions of the shell—one larger, antero-inferior, and with a gentle 
convex slope downwards, the other smaller, postero-superior, and 
with a somewhat steeper, flatter slope towards the hinge-line. No 
diagonal furrow. Inferior margin a simple elliptical outline. Pre- 
umbonal lobe somewhat ovate, or like a blunted lancet-point in 
shape. Angle formed by the junction of the hinge-line with the 
posterior margin obtuse and rounded. Surface covered with very 
fine concentric strice. 

Length 148"; breadth 18”. 

Remarks. This shell very closely resembles the Upper Cambrian 
species MM. expansa (Portlock), but differs from it in having a more 
curved ventral margin, a sharper preumbonal lobe, a relatively larger 
antero-inferior and smaller postero-superior region, and in being less 
compressed. 

Casts of the interior and exterior of the shell are exhibited in the 
same specimen; the internal cast shows a large kidney-shaped im- 
pression of the anterior adductor muscle, situated inside the per- 
umbonal lobe, a very distinct simple pallial line parallel with the 
inferior margin, and a deep round impression of the anterior pedal 
muscle, just above that of the anterior adductor. The ligamental 
groove is just visible along the hinge-line. The space between the 
outer and internal casts is very narrow; so that the shell must have 
been exceedingly thin. 


2. Mopiotopsis inruata, M‘Coy. (Pl. XXIV. fig. 2.) 


The determination of this species rests on a well-preserved in- 
ternal cast, which presents all the characters of M‘Coy’s species, 
the only difference noticeable lying in the somewhat greater elevation 
of the Cardiff form, and the slightly greater incurving of the ventral 
margin immediately in front of the diagonal gibbosity. The di- 
mensions of the Cardiff form are—length 0°85", breadth 0-525", 
giving a proportion of 134%), while in M: Coy’s form the proportion 
is 1779 Perhaps my sumer should be regarded as a variety of 
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M., inflata, i in which case it might be called Mu. elevata. 


3. ORTHONOTUS NAVICULA, sp. nov. (Pl. XXIV. figs. 3, 3a.) 


Shell elongate, oblong, tumid, especially above; beaks small, 
meeting over the straight hinge-line in the anterior part of its 
middle third ; lunule shallow, well defined. A transverse furrow in 
each valye, commencing from the point of the umbones, and de- 
scending vertically to the ventral margin, where the two furrows 
meet. Immediately in front of the cincture so formed the shell 
bulges out rapidly ; behind the cincture the bulging takes place more 
gradually. 

An oblique ridge extends from the posterior side of the beaks to 


OF RHYMNEY AND PEN-Y-LAN, CARDIFF. 497 


the posterior angle of the shell, dividing the posterior two thirds of 
the shell into a swollen anterior and a compressed posterior and 
superior part, which ends above in the straight hinge, and behind in 
the rounded end of the shell. Shell ornamented with longitudinal 
rounded ribs, 00375" apart, commencing from the edge of the 
lunule, and continuing along the valves till they reach the post-um- 
bonal ridge, past which the shell is smooth up to the hinge-line. 

Length $3"; breadth 3," ; thickness ,%,". 

Remarks. This shell was found by Mr. John Storrie near Cross 
Dowton, Rhymney, not far from the outcrop of the Ludlow beds. 
It was imbedded in a stray fragment of rock lying by the road-side, 
and not in situ, but so exactly similar in lithological character to 
the adjacent Ludlow beds that no hesitation need be felt in referring 
the shell to their horizon. 

The hinge-line does not show any transverse plaits ; but a slight 
inflection of the valve indicates apparently a cartilage-plate. There 
is no sign of an escutcheon. 


4 Lena? ampicva, sp. nov. (PI. XXIV. fig. 7.) 


Shell oblong ovate, compressed ; hinge-line short and straight ; 
margin of valves simple, elliptical, closed ; umbones anterior, directed 
slightly backwards, their posterior edge continued into a ridge 
ending on the upper part of the posterior margin. Surface covered 
with exceedingly fine close concentric stric. 

Length $8”; breadth 5%," 

Toot. As the saheralan ‘of the shell is not visible, and we do not 
know the characters of the hinge, its reference to Leda is in the 
highest degree doubtful. I have preferred, however, to assign it to 
this genus with a query rather than to make a new genus to receive 
it. In general form it is more like a Voldia, while in the character 
of its striation it exactly resembles Leda intermedia, Eth., from the 
Carboniferous formation. It is in the form of its posterior region 
that it differs most markedly from both Voldia and Leda. 


5. AMBONYCHIA ? TUMIDA, sp. nov. (Pl. XXIV. fig. 9.) 


Shell obliquely trigonal, tumid, truncated in front; anterior 
aspect heart-shaped ; umbones quite anterior, somewhat spirally 
incurved; hinge-line short and straight; margins simple, close, 
rounded; a small posterior wing or compressed upper posterior 
region; surface very finely concentrically striated. 

‘Length 48"; breadth +2”; thickness near beaks, where it is 
thickest; 43", 

Remarks. It is by no means certain that this species is an Am- 
bonychia; the specimen on which it is founded is not quite perfect in 
front, and might have possessed a small anterior wing. It is some- 
what similar to Amphicelia, Hall. To give a rough idea of its 
general form, one may compare it to some species of Isocardia os 
gr. I. nitida, Phillips), or to some forms of Pholadomya. 

2u 2 
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6. HoLoPELLA GRACILIS, sp. nov. (Pl. XXIV. fig. 5.) 


Shell slender ; apical angle 20°; whorls smooth, very slightly con- 
cave, number ? (five are shown); sutural angle 70°. 

Remarks. This species appears to be intermediate between H. 
gracilior and H. obsoleta ; its spire is less slender than that of the 
former, and more slender than that of the latter species, while its 
whorls are more convex than in H. gracilior and less so than in 
HT, obsoleta. 


7. HoLopELLA HYDROPICA, sp. nov. (PI. XXIV. fig. 4.) 


Shell slender ; apical angle (?); whorls smooth, bulging below, 
contracted above ; sutures plain, very slightly imbricating ; sutural 
angle 85°. 

Remarks. The form of the whorls of this shell is very characteristic, 
and much resembles that of the Carboniferous Loxonema impendens, 
M‘Coy. 


8. HoLopELLA MINUTA, sp. nov. (Pl. XXIV. fig. 6.) 


Shell slender; apical angle 22°; whorls smooth, number ? (nine 
exposed, including globular apical point), twice as wide as high, 
convex ; Spats es deep, simple. 

Tenet 353 breadth of lowest whorl 7,”. 

Remarks, This species is distinguished from H. gregaria by its 
wider and squatter whorls, and from //. monile by the same charac- 
ter, as well as by its larger apical angle. 


9. CycLONEMA ANGULATUM, sp. nov. (Pl. XXIV. fig. 15.) 


Shell conical; apical angle 65°; whorls four in number, angu- 
lated spirally ; on body-whorl 4 angulations at equal distances of 
z,' apart, the highest one 51,” below the suture; in the preceding 
whorl three angulations—one immediately above the lower suture, 
another in the middle, and the third midway between the median 
angulation and the upper suture. Surface obliquely striated, strize 
very fine and close, crossing the angulations and maintaining the 
same direction from front to back without inflection completely 
across each whorl. 

Remarks. This shell is didanre fete from allied species by the 
fact that the angulations are not plain along their summit, but 
crossed by the transverse strive. 


10. CycLoNEMA SIMPLEX, sp. noy. (Pl. XXIV. figs. 10, 10 a.) 


Shell obtusely conical; apical angle 85°; whorls three or four in 
number, body-whorl large; mouth not visible, but apparently ellip- 
tical in shape with the long pee vertical ; surface ornamented with 
revolving thread-like ridges =}y " apart, with an occasional secondary 
ridge interposed, and. a, strizee of exceeding fineness, only 
visible in a good light. 

Remarks, ‘This species is exceedingly similar to Turbo crebristria, 
M‘Coy, from the Bala Sandstone of Milford, Montgomeryshire. 
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11. CyctonEma tURBINATUM, sp. nov. (Pl. XXIV. figs. 1, 1a.) 


Ero 


. Shell turbinate ; apical angle 55° ; whorls four in number ; body- 
whorl large, convex, angulated by revolving ridges—on body-whorl 
one near the suture, two prominent ones in the middle, and two or 
three smaller ones near the base; on the preceding whorl three 
ridges—a strong one near the upper suture, one in the middle, and 
a faint one near the lower suture; sutures deep; mouth elliptical, 
long axis vertical, peristome continuous, entire; umbilicus deep, 
bounded by a curved ridge on its inner side; surface covered with 
transverse strie or lines of growth, which cross the longitudinal 
ridges without deflection. 

Remarks. This shell is not likely to be mistaken for any other 
species; but without careful inspection it might pass for a Murchi- 
sonia, from which, however, it is distinguished by its entire peri- 
stome. 


12. Murcutsonia ELEGANS, sp. nov. (Pl. XXIV. fig. 8.) 


Shell slender; apical angle 21°; whorls (six preserved), pro- 
minently keeled, outline concave between line and suture, but con- 
sisting of two close threads. Each whorl slightly overlapped by the 
lower one succeeding it, sutures consequently imbricated and marked 
by a distinctly raised band. Surface finely striated asin M. gracilis. 

Length 3;"; width #,". 


13. MurcuisonIa corPULENTA, sp. nov. (Pl. XXIV. fig. 11). 


Shell conical; apical angle 55°; whorls four in number, convex ; 
hody-whorl very large; keel square, prominent between the suture 
and the middle of the whorl; a faint revolving ridge between the 
keel and the suture; outer lip deeply incised towards the notch, 
below the notch projecting convexly. Surface covered by fine, 
close, thread-like, transverse strie, repeating the outline of the ex- 
terior lip. Where the shell has been removed the cast is round and 
smooth, except for three or four revolving ridges which run parallel 
to the keel and below it: these are not visible on the small portion 
of the shell which remains available for observation. 

Remarks. This shell is very similar to M. subrotundata, Portlock, 
and Pleurotomaria bussacensis, Sharpe, both Upper Cambrian species ; 
but it differs from both in the greater elevation of its spire and in 
having the band much nearer to the suture; the revolving lines 
below the band and visible on the cast, also appear to constitute a 
difference. 


14. Pacnuyrnca spHmrica, Hooker. 


A number of these organisms occur beautifully preserved in the 
Rhymney Grit and in the rocks above and below it. They present 
all the characters of Hooker’s species—the spherical form, smooth 
surface, absence of hilum, thick walls, radiating hexagonal cells, and 
wide variation in dimensions. With them in some cases are 
associated plant-remains, which very much resemble fronds of Rho- 
dymenia ciliata and other Floridean species of Algze, 
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Notes on the Rocks. 


1. Wenlock Limestone.—The concretionary ferruginous bed which 
immediately covers over the band of Wenlock corals, exhibits to the 
naked eye a spherulitic or oolitic appearance, which is due to the 
presence of a vast number of little, smooth, shining, reddish-brown 
bodies, having the form of oblate or compressed prolate ellipsoids. 
These little bodies, which look like so many minute beans or lentils, 
are present in so large a proportion as to form a great part of the 
rock, and, from their general appearance and close association with a 
coral limestone, might be taken at first glance for ferruginous oolitic 
grains. Their real nature i is best made out by astudy under the micro- 
scope of thin slices of the rock containing them. The rock is not of 
the same consistence throughout, some portions being harder and more 
compact than others ; and these are the best adapted for shemg. The 
harder parts occur either as isolated nodules or as cake-lke masses 
adhering to 4 coral or the remains of some other calcareous organism, 
the greater hardness and compactness in both cases being probably 
due to an internal deposition of carbonate of lime, and the adherence 
in the latter case to the derivation of a part of this deposited carbonate 
from the calcareous structure on which the hard mass is based. An 
examination of the slices I have had prepared shows a matrix of clear 
transparent calcite or dolomite, or of brown opaque finely granular 
ferruginous material, usually full of dispersed minute angular frag- 
ments of calcite and quartz. Imbedded in the matrix are the little 
lentil-like bodies under consideration, and minute, often fragmentary 
remains of various calcareous organisms. The former consist of an 
outer envelope of black iron-oxide surrounding a rounded fragment 
of calcite of organic origin. The envelope is more or less red on its 
outer surface; and its thickness is very trifling. 

The enclosed calcite may consist of a joint or ossicle of an Encri- 
nite, a fragment of shell derived from a Lamellibranch, or more 
usually from a Brachiopod, such as Strophomena, or a piece of a Bryo- 
zoon; or it may be of uncertain nature, or, in rare cases, an oolitic 
spherule. The broken edges of the shell-fragments are neatly 
rounded off, as if worn by attrition; and the outer envelope covers 
them like an even coating of paint. The minute structure of the 
shell is generally perfectly preserved, the canals of the Brachiopod 
shells being infiltrated by light-yellowish or deep-brown oxide of 
iron. The Lamellibranch shells have sometimes been infested by a 
minute boring fungus or alga, in which case the burrows of these 
plants are also filled with ite infiltrated oxide. The Encrinite-joints 
exhibit very clearly their characteristic reticulate skeleton, which 
has usually been more or less completely injected by some compound 
of iron which now presents a lightish yellow or dark red colour by 
reflected light; with transmitted light, on the other hand, it is quite 
black, owing to its complete opacity. Fragments of Encrinital ske- 
letons are also amongst the commonest of those other organic con- 
stituents of the rock which are scattered through the matrix with- 
out any enveloping ferruginous coat. They then very frequently 
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afford us a complete section (longitudinal or transverse, as the case 
may be)through one of the disks of the Encrinital stem, their structure 
being usually wonderfully well preserved—though in some cases, 
when the ferruginous injection is absent, it has become nearly obli- 
terated by blending as it were with the enclosing calcitic matrix. 
The Bryozoa sometimes form the nucleus of one of the lentil-like 
bodies ; but more usually we observe them as uncoated sections in 
the matrix, of considerable size, and, as we have said, only partially 
enveloped in iron oxide, their cells being filled up with calcite 
or dolomite, or in many cases with an opaque brownish granular 
ferruginous material. 

Many of the lentil-like bodies show no organic structure within ; 
but in some of them a concentric structure is more or less observable, 
probably indicating the previous existence of an oolitic granule. 
Thus alternating opaque brown and transparent colourless or yel- 
lowish layers are visible in the sections shown by figs. 24 and 25. 

Some few of the lentils enclose irregular, frequently angular, frag- 
ments of glauconite, having optical characters identical with the 
glauconite of the Cambridge Greensand. But while the glauconite 
in the latter case contains clear and transparent granules, many of 
which have the form of Coccoliths and Foraminifera, in the former it 
contains only black and opaque granules of no characteristic form. 
On treating the rock with dilute acid the calcareous cement which 
binds its parts together is dissolved away, and the ferruginous con- 
cretions are set free; when washed and dried they have very much 
the appearance of little black pebbles, but exhibit no further 
characters than those already described. We have seen enough, 
however, by this, to decide as to their true nature. They are not 
oolitic granules which have become replaced by iron oxide (or at 
all events very few of them are so), but simply rounded fragments 
of organic calcite which have become enveloped in a ferruginous 
covering. ‘Though these coneretions are not oolitic in the ordinary 
sense of the term, yet oolitic spherules do really occur in the lime- 
stone. Thus, on breaking open a compact nodule of carbonate of 
lime which had been formed about a mass of Favosites fibrosus lying 
in the bed, I noticed a number of little spherical bodies bearing a 
great resemblance, both on account of their faintly bluish colour 
and slight translucency and their beautiful pearly lustre, to a num- 
ber of minute pearls: a thin slice was prepared from this nodule ; and 
the “ pearls’ were then found lying within the cells of the Fuvosites ; 
they only occurred, however, in those cells which had been filled up 
with clear transparent dolomitic calcite, and were constantly absent 
in the cells which had been filled in with ferruginous sand. They 
were found to consist of a great number of very fine wavy layers or 
concentric shells of transparent calcite, having a faint brownish 
colour by transmitted light. Some of the layers were much thicker 
than others, appearing as comparatively broad bands in section, the 
rest merely as lines of inappreciable thickness. The pearly lustre of 
the spherules seen by reflected light appears to be due to the super- 
position of these immeasurably thin layers one upon another; the 
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bluish tint they exhibit with reflected light may be correlated with 
the amber or brownish tinge they give to transmitted light, the rays 
reflected and absorbed being, it would seem, complementary to each 
other. 

Between crossed Nicols they remain dark, though the thicker 
layers appear a little brighter than the rest; the darkness is also of 
different intensity along certain lines, producing a very dark cross 
where deepest. Besides the concentric structure, they exhibit no 
other—not a trace of radiating fibres, such as one commonly sees in 
concretions of an oolitic nature. 

In one or two instances some of the concentric layers have begun 
to be stained by iron oxide, which in one case is present in suf- 
ficient quantity to form a aa ale of hematite. 

In size the grains vary from [7 toy}; in form they differ con- 
siderably, some giving an almost ‘perfectly circular outline in section, 
others a polygonal, oval, or even heart-shaped one; but whatever 
their external contour, they nearly all possess a spherical nucleus, and 
the nearer the concentric layers are to this and the further from the 
exterior the more they approximate to the spherical form. As re- 
gards the true characters of these grains one feels a certain amount 
of difficulty. The first point to decide is whether they have been 
formed in situ, or washed in from the exterior. The fact that they 
only occur in such cells as were shut off from communication with 
the muddy sea-bottom, and so had become infiltrated with pure 
crystalline dolomite, seems to point to their formation in situ; and 
this supposition is strengthened by the way in which some of them 
appear to have adapted themselves in their later stages of growth to 
the form of the cellules in which they lie, and also to one another 
when two or more lie in close proximity. Admitting that they were 
formed in the places where they are now found, one can only conclude, 
further, that they must have been formed by the successive deposition 
of coats of carbonate of lime, one over the other concentrically, on 
some original nucleus. They are therefore oolitic grains without a 
fibrous structure, and they must have grown by a deposition of 
carbonate of lime from solution. But why, one cannot help asking, 
should the deposition of calcareous material have taken place in two 
very different ways in the same cellule of the Vavosites (at first 
about nuclei concentrically, without apparently giving rise to a crys- 
talline structure, and afterwards generally, filling up the cellule 
with a confusedly crystalline mass of dolomitic calcite)? One almost 
feels tempted to regard the oolitic granules as “‘ caleuli” formed during 
the lifetime of the Havosites; and though such a supposition is not 
probable, it yet may afford us a hint as to the true explanation; 
for immediately after the death of the Mavosites a good deal of 
organic matter would be set free, and would pervade not only the 
surrounding water, but the several cells of the organism. Un- 
fortunately we do not know much about the precise mode in 
which the presence of organic matter influences the mode of deposi- 
tion of mineral SHS ames: but that it does exert a.special influence 
of some sort is pretty generally admitted ; and it may be just possi- 
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ble that the oolitic granules were formed so long as organic matter 
existed in the mineralizing waters, and that ordinary crystalline 
dolomite began to be deposited as the organic matter disappeared. 
(A qualitative analysis which I made of this rock, showed the pre- 
sence of a considerable quantity of both magnesia and phosphoric 
acid.) 

Reviewing the knowledge we have acquired of the ferruginous 
Wenlock limestone, we are now in a position to give a short history 
of the course of its formation. At first there existed a plentiful 
growth of very various calcareous organisms, which by their death 
and subsequent decay furnished a considerable quantity of calcareous 
fragments to the deposits accumulating on the sea-floor. Some of 
these fragments were rounded into minute pebbles either by solution 
in carbonated waters or by mechanical attrition—most probably by 
attrition, since they are now often only small fragments of what 
were once large shells, and their surfaces are smoother than they 
would be had they been eroded by solution. Others of the frag- 
ments retained completely their original organic form; and yet 
others again were broken up into fine angular detritus, and mingled 
by a slowly moving current of water with occasional grains of 
broken quartz, or finely divided ferruginous mud. The calcareous 
sand thus produced appears next to have been permeated by an 
infiltration of ferruginous water, which thus made incursions into 
the Silurian sea long before the time of the Old Red Sandstone. 
This led to the injection of ferruginous matter into the canals of the 
Brachiopod shells and the interstices of the Encrinital skeletons, 
and also to the building-up of successive coats of iron oxide around 
many of the rounded calcareous fragments. Grains of glauconite, 
which had probably been previously formed, were also enveloped in 
this material. At the same time, or perhaps previous to the influx 
of ferruginous waters, oolitic granules were being formed within the 
closed chambers of such coral-hke structures as now contain them. 
Finally the incoherent mass of sand and mud and granules was 
cemented together in places into compact nodules and patches, by 
the deposition partly of iron oxide, but chiefly of carbonates of lime 
and magnesia. 

2. Band of Limestone above the Rhymney Grit—The cut and 
polished surface of this rock shows a number of white, green, and 
pinkpatches set in a greenish-grey ground, corresponding to a num- 
ber of fragments of organic calcite imbedded in a matrix of very fine 
quartz sand, the whole being cemented together by an impure 
glauconitic mineral. 

The organic remains revealed in these sections by the microscope 
are very numerous and interesting: good sections of Bryozoa are 
frequently seen; Brachiopoda are plentiful, very often in a frag- 
mentary state, but never incrusted with iron oxide, or rounded at 
the edges; univalves with their shells converted into the crystalline 
state are not rare; Encrinite skeletons are abundant; and Forami- 
nifera resembling Nodosaria and Lotalina are observable now and 
then. 
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The calcareous parts of the foregoing organisms retain, as a rule, 
their calcareous composition ; but the hollow spaces within them 
have become filled up with a material which has a greenish-white 
appearance by reflected light, and either a green or a brownish 
colour with transmitted light: the same material cements together 
the quartz which fills up the spaces in the rock not otherwise 
occupied by organic constituents. When it is green both by reflected 
and transmitted light, it is insoluble in acids and probably exists 
as a more or less pure silicate of iron; when it is brown by trans- 
mitted light it is soluble in hydrochloric acid and probably consists 
of calcite coloured by admixture with the iron silicate. It is the 
soluble material which chiefly binds the quartz sand together. 

The injection of the Encrinital skeletons by the green silicate 
has led to the preservation of their structure in a wonderfully com- 
plete manner. 

Scattered irregularly through the matrix of the rock, and arranged 
along regular lines within some of the constituent shelly fragments, 
occur a number of little spherules of iron-pyrites, precisely similar 
to those described in my paper on Pharetrospongia (Quart. Journ. 
Geol. Soc. vol. xxxiii. pp. 250, 251). I now find that these are 
very common constituents of certain caleareousrocks; they are beauti- 
fully exhibited by the Lias limestone of Aberthaw and Penarth, South 
Wales, and may easily be obtained for ebservation by treating the 
limestone with dilute hydrochloric acid, when they are left as an 
insoluble residue. Examined as opaque objects under the microscope, 
they are seen to be covered on the surface by brilliant crystalline 
facets, and look very much as the curious iron-pyrites concretions of 
the Chalk would do if reduced to the same insignificant dimensions ; 
nor do I doubt that the latter only differ from the former in this respect 
—that is to say, as regards relative size. Jn the matrix of the Lias 
limestone they can be traced, as in Pharetrospongia, passing into an 
oxidized state, staining at the same time the surrounding limestone 
with the products of their decomposition, and finally giving rise to 
globules of clear, transparent, blood-red hematite. ‘The size of the 
hematite globules is much more uniform than that of the iron-pyrites 
concretions, a large sphere of pyrites resolving itself during oxida- 
tion into a great number of smaller globules of hematite, which 
then remain all grouped together as if subordinate parts of a common 
spherule, thus giving rise to the idea that they might be spores or 
sporangia, as I suggested in the paper before alluded to (see figs. 15 
and 16, pl. xi. loc. cit.). 

Precisely similar but isolated globules of haematite are found 
within the canals of fossil Nummuline Foraminifera, and in this posi- 
tion have been mistaken for the ova of the animal. I have now 
seen them associated with concretions of pyrites in the crystalline 
calcite filling up the interspaces of Stawronema, inside the hollowed- 
out spicules of Pharetrospongia, dispersed throughout the Lias lime- 
stone of 8. Wales and the shelly limestone of the Rhymney Silurians, 
as well as in the canals of a fossil Operculina. In all these positions 
they present a nearly uniform size and the same essential characters. 
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I do not doubt, therefore, that the red globules of hematite have 
been derived by oxidation from the spherical concretions of pyrites ; 
and I believe the latter to result from the unhindered crystallization 
round nuclear centres of iron sulphide, resulting from the reduction 
of salts of iron which were diffused in solution throughout the 
limestone before it became consolidated, or through the canals of 
Foraminifera before they had become completely fossilized. 

In concluding the description of the limestone, one may mention 
that on being heated with hydrochloric acid it dissolves, leaving be- ~ 
hind an insoluble gritty mud of a dark greenish colour. Dried and 
mounted in balsam, this mud is found to consist of grains of 
siliceous sand, globules of iron-pyrites, and casts in green silicate 
of minute univalves, Foraminifera, Encrinital skeletons, and the 
canals of Brachiopod shells. The Encrinital casts are very beautiful 
objects, and reproduce the form of the network so perfectly as to 
mislead one at first into regarding them rather as pseudomorphs of 
that network than as casts of its meshes. 

3. Iron Galls in the Ferruginous-mud Bed above the Rhymney Grit.— 
These, when examined in thin slices under the microscope, show a 
dark chocolate-coloured, quite opaque matrix of iron oxide, through 
which are scattered more or less sparingly a number of very minute 
sharply angular fragments of calcite, with here and there a grain 
of quartz. No concentric or radiating structure is visible with 
transmitted light; but with reflected light a faint concentric line of 
darker colour than the general surface can be made out near the 
external edge. A chemical analysis of one of these galls, hastily 
made by Mr. James, of University College, Bristol, gave the follow- 
ing results :— 


WHET CVORACO) Se les cisst oxenies en & sacs 77:6 
Silica, soluble and insoluble .......... 12:9 
Carbomieyan hydra dey gels cees-uy ae ta 1) 2°9 
Calcim; oxidore aki . layne ee 6:6 

° 100-0 


4. Ferruginous Staining of Ludlow Sandstones.—Some of the 
greenish-coloured sandstones of the Lower Ludlow are occasionally 
penetrated by thin strings of a bright red colour, due to the infil- 
tration of red oxide of iron after consolidation ; sometimes the red 
oxide is present in such quantity as to form thin strings, about 4,” 
wide, of fibrous géthite, in which case the adjacent stone is stained 
red for a considerable distance, 3 to 1 inch, on each side of the pure 
mineral. The strict parallelism of the edges of the stained bands to 
the joints and bedding-planes of the sandstone proves the infiltration 
to have been subsequent to the consolidation and jointing of the rock. 

5. Gothite in Bedding-planes of Rocks immediately below the Rhym- 
ney Grit.—In the Rhymney quarry an irregular bed or series of len- 
ticular patches of gothite occurs just below the Grit, close to the thin 
calcareous seam seen here; it is from 1 to 2 inches in thickness, 
very pure, and cavernous in the middle, the surface of the hollows 
being frequently lined by scalenohedra of calcite, or dog-tooth spar. 
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EXPLANATION OF PLATE XXIV. 


Figs. 1 & la. Cycloncema turbinatum, sp. n. Ludlow, Cae Castell, Rhymney 
river. Natural size. 
2. Modiolopsis inflata, M‘Coy, var. elevata, Soll. Natural cast of right 
valve. ‘Ctenodonta”-bed, Wenlock, Rhymney Quarry. Nat. size. 
3&3. Orthonotus navicula, sp. n. Ludlow, picked up near Cross Dow- 
ton, Rhymney. Nat. size. 
4. Holopella hydropica, sp.n. ‘ Ctenodonta’’-bed, Wenlock, Rhymney 
Quarry. Nat. size. 


5. Holopella gracilis, sp.n. ‘“ Ctenodonta”’-bed, Rhymney Quarry. Nat. 
size. 

6. Holopella minuta, sp.n. ‘ Ctenodonta”-bed, Rhymney Quarry. Nat. 
size. 

7. Leda(?) ambigua, sp.n. Ludlow, Cae Castell, Rhymney river. Nat. 
size. 

8. Murchisonia elegans, sp.n. ‘‘ Ctenodonta”-bed, Rhymney Quarry. 
Nat. size. 

9. Ambonychia (?) tumida, sp. n. Lower Wenlock, Pen-y-lan Quarry. 
Nat. size. 


10 & 10a. Cyclonema simplex, sp.n. Wenlock limestone, Cae Castell, 
Rhymney river. 10a. Exterior of a part of the body-whorl to 
show the ornamentation. Nat. size. 

11. Murchisonia corpulenta, sp. n. Wenlock limestone, Cae Castell, 
Rhymney river. Nat. size. 

- 12. Oolitic granules contained in a cell of Favosites fibrosus. a,a. The 

containing cell-wall. Wenlock limestone, Cae Castell, Rhy mney. 
Transv. sect. (X 30.) 

13. Granule of black iron oxide (a), containing an angular fragment of 
glauconite (b). Transy. sect. Wenlock limestone, Cae Castell, 
Rhymney. (x 30.) 

14, Glauconite cast of a Foraminifer dissolved out from the bed of lime- 
stone occurring just above the Khymmey grit in the Cae Castell 
section. (xX 30.) 

15. Cyclonema angulatwm, sp. n. Lower Wenlock, Pen-y-lan Quarry. 
Nat. size. 

16. Ellipsoidal granule of granular calcite surrounded by a film of black 
iron oxide. Tang..sect. Wenlock limestone. (x 30 

17. Two oolitic granules which have become jomed together in the last 
stages of growth. Transy. sect. Wenlock limestone. (x 30.) 

18 & 19. Oolitic grains in the cells of Favosizes fbrosus, showing medifica- 
tion of spherical form produced by adaptation during growth, 
Transv. sect. Wenlock limestone. (x 30.) 

20. Oolitic grain with deeply infiected margin, lying in the centre of a cell of 
Ff. fibrosus. Transy. sect. W. enlock limestone. (x 30.) 

21 & 22. Modiolopsis acutizrora, sp.n. 21, natural cast of the extericr ; 
22, of the interior, of the left valve. ‘‘ Cienodonta”-bed, Wenlock, 

Rhymney Quarry. Nat. size. : 

23. An Alga from Ludlow beds, Cae Castell, Rhymney. (x 2.) 

24, Ferruginous grain from W enlock lim 1estone, Cae Castell. a. External 
layer of sranules suspended in the surrounding matrix of clear 
calcite. b. Zone of black iron oxide. ¢c. Zone of brownish-red 
opaque ferruginous material. d. Zone of transparent brownish 
calcite. f. White opaque nucleus. Transy. sect. (x 38 

25. Ferruginous grain from Wenlock limestone, Cae Castell, having the 
form of an Entomostracan valve. @. Black iron oxide surrounding 
the granule and forming more or less concentric rings within it. 
This structure may result, from the infiltration of an oolitie grain by 
iron-oxide. Transy. sect. (x 30.) 

26. Elliptical ring of clear calcite, surrounded by brown opaque matrix 
and enclosing sand grains cemented by ferruginous matter. Similar 
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rings appear in thin slices of the limestone lying above the Rhymney 
grit. ‘Transy. sect. from Wenlock limestone, Cae Castell. (x 30.) 
Fig. 27. Fragment of the shell of a Brachiopod, its angles having been rounded 

off, its surface enveloped and its canals infiltrated with dark-brown 
iron oxide. Transv. sect., from Wenlock limestone. (x 380.) 

28. Section of a Foraminifer infiltrated with greenish silicate from lime- 
stone above the Rhymney grit. (xX 50.) 

29. Ferruginous granule enclosing a disk of an Encrinital stem, which had 
been infiltrated by dark-brown iron oxide. ‘Transv., sect., Wenlock 
limestone, Cae Castell. (x 50.) 


Discussion. 


The Prustpent confirmed the views of the author as to the non- 
organic origin of the Cornstones, and that a few limestones are to 
some extent of mechanical origin and derived from older limestones. 

Prof. Ramsay spoke of the difficulty of getting the corrections 
made by the Geological Survey engraved on the Ordnance Maps. 
The original mapping was done as long ago as 1842, but has since 
been corrected ; and the Upper Silurian strata of the region described 
by Mr. Sollas have been added to the Map. 

Mr. Braxe confirmed the accuracy of the author’s descriptions 
from his own observation. He stated that in mineral character the 
Upper Silurian and Old Red Sandstone are very similar. 

Mr. Juxus-Browne asked if there was any evidence of any break 
in the Old Red Sandstone. 

Dr. Hicks stated that a species of Pentamerus, of long range, was 
found in the Caradoc, Llandovery, and Wenlock, and therefore that 
it was difficult frequently to assign an exact horizon to some fossils. 

Dr. Duncan could not agree with Dr. Hicks that the Upper 
Silurian and Lower Silurian could not be distinguished from one 
another by their fossils. He thought that the grouping of certain 
forms was quite distinct in the two series. 

Mr. Sottas replied to the President that he was glad to receive 
such important confirmation of his observations; to Prof. Ramsay 
that Mr. Sollas had himself found a fine-grained calcareous marl 
in the gravel-pit of Barnwell, Cambridge, to be composed chiefly 
of coccoliths, which had been derived trom the denudation of the 
Chalk hills of Cambridgeshire, and that calcareous sediment, con- 
sisting of coccoliths, was still in process of mechanical transportation 
by the river Cam; to Mr. Blake that the species of Pentacrinus 
found above the Wenlock limestone, though smaller than the ordi- 
nary P. oblongus, was not smaller than its variety, P. levis, and 
that the red colour of the rocks is to a great extent merely super- 
ficial ; to Dr. Hicks that he agreed with him in thinking that the 
range of seyeral Upper Cambrian species may have to be extended ; 
to Mr. Jukes-Browne that there was no discernible unconformity 
in the Welsh Old Red, and that the overlap near Llandeilo was 
that of the Siluro-Carboniferous series onto the Cambrian and not due 
to an unconformity between the members of the Siluro-Carbonife- 
rous itself; and to Dr. Duncan that he hoped the corals referred to 
by him might receive the attention of one who understood them — 
so well. 
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38. On Periitic and SpHeruriric Structures in the Lavas of the 
GiypER Fawr, Norte Watzs. By Franx Rurtey, Esq., F.G.S8., 
H.M. Geological Survey. (Read March 12, 1879.) 


(Communicated by permission of the Director-General of the Geological 
Survey.) 

Amone the specimens belonging to the rock-collection in Jermyn 
Street of the various rocks which constitute the Glyders on the 
north side of the Pass of Llanberis, and which have been mapped 
by the Geological Survey as felstones and felspathic traps, and 
described by Professor Ramsay as lava-flows, I have discovered one 
which presents unquestionable perlitic structure. (The specimen is 
marked 376, wall-case 41 in the published catalogue.) The rock is 
associated with Bala-beds, and is overlain by shales containing 
fossils similar to those which occur in the Bala Limestone. 

It presents the appearance of a felstone to the naked eye, and by 
polarized light, under the microscope, it shows the microcrystalline 
structure which felstones so commonly exhibit. It is now practi- 
cally a felstone ; once it was a vitreous lava. Portions of the spe- 
cimen show a coarsely vesicular structure ; and the vesicles are, for 
the most part, filled by crystalline aggregates of quartz. 

The above observations perfectly confirm the early conclusions 
formed by the Survey, which express as much truth as it was pos- 
sible. to arrive at in the absence of microscopic investigation. 

The only additional information now procured is that the lava in 
question was once vitreous, and that it still shows the perlitic struc- 
ture as clearly as the perlites of Saxony, which are of Tertiary age. 
The accompanying figure will sufficiently demonstrate this fact. 


Some of the other felstones of the Glyders show spherulitic 
structure ; and in some cases, indeed, they consist almost exclusively 
of little bodies which frequently present ill-defined or even serrated 
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or denticulate boundaries, as though their configuration had been 
affected by the crystallization of the surrounding matter. These 
may be considered spherulitic rhyolites. If this assumption be 
true, the spherules, or pseudo-spherules, must be regarded as 
crystalline structures emanating from separate points of devitrifi- 
cation. In the rocks of this kind which I have examined I have 
met with no trace of perlitic structure. Other felstones from the 
Llanberis neighbourhood give evidence of fluxion by the presence of 
irregular bands, which merely differ from the surrounding matter 
in texture, and simply imply a difference in the character of two 
imperfectly incorporated glasses of different densities, a difference 
which is still demonstrated by variation in the texture or grain of 
the devitrification products. Some of the felstones of the Glyders 
contain spheroidal bodies, occasionally as large as filberts. These 
are not true spherulites. I believe that they are now being examined 
and will shortly be described by Prof. Bonney; and since they are 
in such able hands, I leave them alone, resting assured that due 
justice will be done to them. In conclusion I have merely to 
remark that what I have often expressed as a belief is now, to some 
small extent, demonstrated—namely, that some of the Welsh fel- 
stones are the representatives of formerly vitreous rocks. 

It is interesting to find that, from the Lower Silurian period until 
the present day, time has failed to efface from some of these lavas 
the structural features which characterize rocks of a vitreous nature, 
although they have long ceased to possess the physical characters 
by which vitreous rocks are commonly distinguished. 

It is only by the recognition of structural peculiarities that we 
can hope to demonstrate the original character of some of our most 
interesting paleozoic lavas. 

Devitrification has, no doubt, often obliterated these structures. 
We then have no clue whatever to the conditions under which such 
rocks haye been erupted; and in view of this fact we can hardly 
look forward to the day when felstones will be struck off the roll of 
normal eruptive rocks. In many cases felstones are essentially 
devitrified hyaline rhyolites ; but it seems impossible to demonstrate 
that they are so in all instances. At the present time the felstones 
offer some of the greatest difficulties and the greatest attractions to 
the student of petrology. 


Discussion. 


Prof. Bonnny stated that there could be no doubt the Wrekin 
rocks were much older than those of the Snowdonian district. He 
quite agreed with the author that this specimen was a true perlite. 
He mentioned the fact that the lavas of Bala age in Wales were 
generally vitreous, and instanced some remarkable cases of sphe- 
rulitic structure from that district. 

Prof. Jupp stated that among the most ancient rocks of the north- 
west of Scotland were lavas showing spherulitic and fluidal struc- 
ture. These were also common in the Old Red Sandstone lavas. He 
thought that as the spherulitic, perlitic, and fluidal structures were, 
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in rocks of modern date, confined to vitreous varieties, the inference 
was safe, when applied to ancient rocks, that they were once 
glass. 

Dr. Surrsner asked if an analysis of the rock had been made. 
If the rock was a true perlite, there should be about 80 per cent. 
of .silica ; if the rock was altered, one might expect a large excess 
of magnesia. 

Prof. Ramsay said that the character of these lava-flows was 
evident even without microscopic examination. He recapitulated 
the evidence which had persuaded him of this when surveying the 
district, and expressed doubt as to the rocks at the base of the 
Cambrian in North Wales being true lava-flows. 

Dr. Hicxs said he thought there was no reason why a perlitic 
structure should not occur in rocks of Bala age. He thought the 
first spherulitic rocks recognized in this country had come from 
rocks of Arvonian age at St. David’s. 

Mr. Baverman said that modern lava-flows often cover very large 
areas, as in North America and India; so the mere distance of the 
Wrekin from Wales would be no difficulty. 

Mr. Rurtyy doubted whether spherulitic structure was always . 
connected with vitreous. He did not see that the presence of mag- 
nesia would prove or disprove alteration. He did not think a rock 
could be vitreous if solidified at a great depth, since it would hardly 
be able to cool with sufficient rapidity. 
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39. On some TurREE-rorp Foorprints from the TRrasstc Coneio- 
MERATE of Sour Wares. By W.J.Soutas, Esq., M.A., F.G.S., 
Lecturer on Geology at University College, Bristol. (Read 
April 9, 1879.) 


In the summer of 1878 an artist friend, Mr. T. H. Thomas, was 
passing through Newton Nottage, a village near Porth-Cawl, Gla- 
morganshire, when his attention was arrested by some three-toed 
footprints, deeply impressed in the surface of a slab of rock and 
rendered particularly visible by the slanting rays of the setting sun. 
Understanding the full value of his discovery, he at once communi- 
cated it to Mr. R. W. Jones of Newport, Monmouthshire, who, with 
his brother, Mr. T. Jones, Jun., F.G.8., takes a deep interest in 
every thing connected with the progress of geology. Mr. T. Jones 
at once commissioned Mr. J. Storrie, the valued Curator of the 
Cardiff Museum, to obtain casts of the footprints in plaster of Paris ; 
and Mr. R. W. Jones suggested that casts should also be taken of 
the footprints of some living birds for comparison. 

Accordingly Mr. Storrie set about his work, which he most suc- 
cessfully accomplished ; and Mr. Thomas and myself obtained casts, 
in mud and in modelling-clay, of the footprints of an Kmu living in 
the Gardens of the Clifton Zoological Society, and of a Rhea and a 
Cassowary which are preserved ‘in a stuffed state in the Bristol 
Museum. Finally all the accumulated facts and material were 
placed in my hands for description. 

The Slab of Stone.—This is now lying in the N.E. corner of the 
green in front of the church at Newton Nottage*. At one time it 
lay in front of the steps of the village inv, and has suffered more or 
less wear in places in consequence, but not enough to obliterate the 
characters of the best-marked impressions. It measures 5 feet 6 in. 
by 6 feet 1 in., and consists of a breccia or conglomerate of small 
limestone fragments similar to that exposed in a quarry near to 
Schorlon, half a mile west of Newton Nottage, and which has been 
mapped as Trias by the Geological Survey. Mr. R. W. Jones’s sec- 
tion is as follows :— 


Section in Quarry at Schorlon, Newton Nottage. 


feet. 
Red conglomerate containing pebbles of Carboniferous Limestone ... 3 
Flagey caleareous beds, with frequent subangular pebbles of Lime- 
BLOM OMMMUOE TTT ED Cor ear eT NCet «ico scuicinis hvsauis ie oaitis tiniest silote ancl ipale daa lereutelt 6 


The slab bearing footprints is lithologically similar to the lower beds. 


The beds of this quarry lie at the base of a range of Carboniferous 
Limestone hills trending from 8.W. by S. north-eastwards. 

The Footprints.—These are five in number, lying one in front of 
the other on each side of a mesial line. The hindermost, which we 
shall call No. 1, was impressed by a left foot; and so were Nos. 3 and 


* Tt has since been placed in the Cardiff Museum. 


Q.J.G.8. No. 189. Qn 
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5 counting forwards. Nos. 2and 4 
are right feet. The distance be- 
tween the heel of No. 1 and that 
of No. 3,1s 3 feet 6 inches, between 
Nos. 3 and 5, 3 feet 2 inehes, 
and between Nos. 2 and 4, 2 feet 
10 inches. 

Thus the average stride was 3 
feet 2 inches long; and the deyvia- 
tions from this seem to suggest 
that the animal which made the 
marks was picking its way through 
what was very pebbly ground. It 
does not seem to have been always 
successful in doing so; for in the 
case of footprint No. 1 the end of 
the middle toe has been planted 
right on a large limestone pebble, 
which seems to have quickened the 
pace of the creature; at all events 
the succeeding stride is the longest 
of the three. 

The best-marked of the footprints 
are Nos. 1, 3, 4 and 5; and as 
these do not differ in any essential 
detail, but only vary in the greater 
or less perfect state of their pre- 
servation, it will conduce to brevity 
if I describe the characters of a 
single one of them, selecting the 
most perfect and supplying its de- 
ficiencies from the others. 

This footprint, then, shows the 
marks of three toes, diverging 
from a posterior heel. The middle 
toe is the most regularly defined ; 
the outer toe comes next in regu- 
larity, and the inner last. The 
outer toe is confluent with the heel ; 
the middle and inner toes are 
separated from it and from each 
other. 

The print of the middle toe is 
deeply impressed, forming astraight 
rounded channel, 63 inches long, 
and contracted and swollen at 
intervals in correspondence with 
the number and position of the 
phalanges of the original digit. 
Thus we find the first phalangeal 
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region of the digit very well defined, especially at its proximal end ; 
then follow the second and third, not quite so marked, but quite 
well enough to be clearly distinguishable; and finally there is a 
terminal acutely angular pit, which represents the nail and its as- 
sociated ossicle. From the point of the nail to the back of the heel 
measures 10 inches. 

The outer toe-print is likewise a straight gutter-like depression. 
It originates from a well-marked heel, from which it is separated by 
a slight contraction only. It is differentiated into not more than two 
regions—a single long proximal one, deepest distally, and a sharp 
ungual pit. 

The inner toe is 53 inches long, and is divided into three imper- 
fectly defined phalangeal swellings, of which the middle one is 
deepest ; the terminal one is possibly ungual. It is not straight 
like the others, but curiously splayed outwards, being swollen first 
on its outer side towards its base, and afterwards on its inner side 
towards the middle toe, thus giving it a sigmoidal form. The angle 
contained between the inner and outer toes is 50°, between the inner 
and middle 26°, and between the middle and outer 24°. The spread 
from the point of the outer to that of the inner toe is 63 inches in 
length ; the projection of the middle toe beyond a line joining the 
points of the inner and outer toes is 33 inches. 

The measurements of the various parts of the five footprints are 
embodied in a table given later on, where measurements of the 
footprints of various Ratitous birds are also given for comparison. 

The footprints of the Emu, taken in modelling-clay and after- 
wards reproduced in plaster of Paris, are remarkably similar in 
general character to those just described. There is a very deeply 
impressed almost hemispherical cavity for the heel-point; an elon- 
gated rounded groove represents the outer toe, and a small pointed 
impression its nail. The middle toe is represented by three broad. 
rounded phalangeal depressions, and a pointed ungual pit. The 
proximal phalange is most deeply impressed ; and it is worth noticing 
that while the prints of the middle and inner toes are quite sepa- 
rated from that of the heel, the outer toe-print, on the contrary, is 
connected with it by a shallow depression, faintly reminding us of 
the deep groove which similarly connects the outer toe with the heel 
in the fossil foot-marks. The inner toe-print consists of a single 
elongated pit with a terminal depression. On comparing the regions 
of the sole of the Emu’s foot with its skeletal structure, one is 
struck with their wide divergence in details, which clearly shows the 
futility of too closely arguing in all cases from the skeletal structure 
of a foot to the impression it might make on the surface of a sedi- 
mentary deposit. Thus, while the feet of most of the Ratite possess 
a prominent heel, the end of the tarso-metatarsal bone, on the 
other hand, does not appear to reach the level of the ground; so 
too, while the articulations of the phalanges are the most swollen 
parts of the digital skeleton, on the sole of the foot they are the 
least so, owing to the excessive development of tissue over the 
middle of the phalangeal bones; and, finally, while the inner toe 
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possesses three phalanges in all, and the outer toe as many as five, 
yet the imprints left by these digits on the ground show only two 
depressions in each case—one a mere pit indicating the nail, the 
other a long groove representing all the rest of the phalanges. 
Moreover the number of phalanges indicated varies with the way 
the foot is set on the ground; thus in one instance the Emu in our 
Zoological Gardens so stepped as to run the second and third pha- 
langeal imprints of its middle toe into one. 

The casts taken from the Rhea and Cassowary in our Museum 
are, I fear, not trustworthy, as the feet seem to have lost a good deal 
of their original form in the setting-up. Still they are available for 
measurements of length, which are given in the following table :— 


Linear and Angular Measurements of Fossil Foot-prints, and 
oot-prints of Ratitous Birds. 


Leneth | Distance from se 
ae point cf toe | Angle between 28 
‘ to commence- the toes. ous . 
toes a) 
Footprint. 8. | ment of heel. 3/55 Stride. 
A, |2S 
lp Elie) WEN OL OIG ENE O.we| 2 ie 
No. 1, Left ...| 53 | 62 | 73 | 10 | 74 | 52°) 30°} 22° | 63 | 33 
Ad Veaifedeten || 54 ll won ||P eeo |\heaser \\i coon) odes It coon || coo, 8" | 6c 3! Q" 
3, Left...) 43 | 62 | 7 4] 62 | 44°] 24°] 20° | 62 | 33 
AD Right, oe | Os Nee Os | Oto) een 24a eae acermleeee 
5d, Left...) 42 | 7 | 74 | 102) 7d | 51°) 27°) 24° | 6S | 32 
Average ....... 5 | 63 | 74 [10 | 7 | 49°) 27°) 22° | 62 | 33 | -o peop 
Da cote coo 43|5 | 54 | 7%} 53 | 66°} 22°) 44° | 63 | 33 { 3/ I! eases 
Cassowary ...| 3% | ... | 53 | 8 | 7% | 47°) 29°| 18° | 53 | 2 | + o 
WRihecajeeeseece SPs ae ay ae | Soaps BOF Im |) 2s 


The linear measurements of this table are given in inches. 
J=inner, M=middle, O=outer. Spread=length of a straight line 
joining the extremities of the inner and outer tocs. Projection of 
the middle toe=distance it extends beyond the line of spread. 

It will be noticed that the projection of the middle toe and the 
“spread” are the same in the Emu as in the fossil tracks, notwith- 
standing the difference in their other dimensions. In size and an- 
gular measurements the nearest approach to our footprints is made 
by the Cassowary. It may be added here that the height of the 
Emu we examined was 5’ 9", of the Cassowary 4',"measured from 
the ground to the top of the crest. Reasoning on the ratio of the 
height to the length of the foot, this would give the animal of the 
ichnites a height of from 5’ to 7’ 8” thus :— 


5’ OF at oul 4! 5) 

Bar = ay «(OF STt = Fr: 
1Z 10 8 10 
Eniu. Fossil. Cassowary. Fossil. 


So complete is the agreement in all essential points between the 
footprints in the Triassic conglomerate and those of the living 
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Emu, that, leaving all other considerations out of the question, one 
would not feel much hesitation in declaring for the Avian and, 
indeed, Ratitous character of the animal which produced the former. 
But the other considerations are too important to be overlooked. 
Although the remains of fossil vertebrates have in several instances 
been discovered in the Triassic deposits of 8.W. England, yet none 
have hitherto been referred or referable to Birds; on the other 
hand many of them are true Reptiles, though with extraordinarily 
strong ornithic affinities. The existence of Dinosaurs during the 
Trias gives, indeed, a strong primd facie probability to the supposition 
that these associated bird-like footprints were really produced by 
some form of Ornithic Reptile. 

The occurrence of Thecodontosaurus and Palcosaurus in the 
magnesian conglomerate of Durdham Down, Bristol, which is on 
the same parallel of latitude as Newton Nottage, and only 45 miles 
distant, is very suggestive; and I cannot help thinking that one or 
other of the animals which possessed the bones must have been a 
near relation to that which has left its footprints in the magnesian 
conglomerate of 8. Wales. 

A comparison of these footprints with those figured by Hitchcock 
shows that they must be referred to the genus Brontozoum, of which 
they will form a new species, which I propose to call Brontozoum 
Thomasi, in honour of its discoverer. 


Supplement by J. Storri, Esq., Curator of the Cardiff Muscum. 


These beds are mapped by the Geological Survey as dolomitic 
conglomerate and marlstones, and appear to lie in a depression of 
the Carboniferous Limestone, by which they are bounded on all sides 
except the W., where they dip gradually into the sea. Imme- 
diately behind the village of Newton on the N. they are deposited 
close up to the base of the Limestone cliff, on which most of the 
village is built; and they are shown all along the road to Nottage 
at intervals, forming a sort of natural pitching for the road. At 
Schorlon, where this stone was dug up, I was unable to examine 
them on account of the snow ; but in the small exposures I saw they 
seem to dip very slightly, perhaps 2 or 3 degrees W. As it was 
useless, on account of the weather, to attempt any thing more here, 
I proceeded to Porth-Cawl, and striking W. along the shore found that 
the Carboniferous beds still maintained the same general characters 
as at Newton, and had a slight dip W.N.W. of about 8 degrees. 
About ? of a mile past the Rest, a fault about 25 to 30 yards in 
width occurs, in which the Limestone-beds are thrown nearly 
vertical and considerably crushed. The conglomerate comes in here 
right up to the edge of the fault, and is nearly horizontal at the 
point of junction, but increases in dip gradually as it extends west- 
wards till it passes under the channel and blown sands at a 
general dip of about 10 degrees. I examined bed after bed as I 
walked along the shore with the hope of meeting one of something 
like the same texture as the stone, or to try for any signs of other 
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footsteps; but I was unable to find either*. Once or twice I had some 
slight hope, as the beds grew finer in texture occasionally ; but they 
generally soon acquired their normal character. Nothing satis- 
factory can be done there till a little finer weather comes. 

I prepared sections from the stone and also from some of the pieces 
in the quarry near where it was said to have been found. Under 
the microscope the slide from the stone itself shows clearly its con- 
glomeratic character. One of the pebbles of an angular shape contains 
Foraminifera, some of the species of which are identical with those 
found in the bed on the new road leading from the Avon river to 
Clifton down, and marked No. 5 in Mr. Stoddart’s section of the 
Avon beds; there are also a few small shells like Rotaha; but I 
cannot have the species identified, and it may perhaps be new. 
The greater part of the slide consists of minute reddish grains prin- 
cipally coloured by iron, and minute fragments of blackish particles 
of uncertain origin. 

Another section of the same stone consists wholly of an oolitic 
structure closely resembling, if not quite identical with, that shown 
by the bed exposed in a roadside quarry about three miles north of 
Cowbridge, near Ystrad Owen; this bed so far as I know, has not 
been identified with any other bed either in the Avon or any other 
section. 

No. 3 slide is not from the stone itself, but from one in the same 
quarry, and contains a common species of Syringopora, a coral 
frequent in the Carboniferous Limestone and not confined to any 
particular horizon ; it seems to occur very abundantly in the con- 
glomerate, as all along the road-side, where the walls are built of it, 
patches of this coral occur here and there in the blocks. 

No. 4 slide is also from a piece from the same quarry, and contains 
Spirorbis nearly as abundantly and in much better preservation 
than in any pieces I have found before. I have found them in 
pretty fair condition in a bed at the old quarry at Rurbina, about a 
mile east of Castle Coch, where they occur at the base of the Lower 
Carboniferous slates. 

This leads me to believe that this conglomerate was formed from 
the débris of a shore where the lower Carboniferous shales and 
limestone formed the sea-cliff, and where no trace of other beds 
were present ; no doubt they were laid down exactly as the beds in 


the Channel are at present from the washings of the cliffs at 
Penarth. 


DIscuUssIoN. 


Prof. Hutt pointed out that Prof. Marsh had suggested that the 


supposed footprints of birds in the Connecticut valley may probably 
hive been made by Dinosaurs. 


* Additional specimens of similar footprints have since been found ‘“puddled 
together ” at Newton. 


ON VERTEBRATE REMAINS FROM THE MALTESE ISLANDS. Din 


40. On Remains of Mastopon and other Vurreprata of the Mxo- 
CENE bie of the Mauresr Istanps. By A. Lerrn Apams, Esq., 
F.R.S., F.G.5, Professor of Natural History in Queen’s College, 
per (Read December 18, 1878). 


[Puarze XXV.]| 


THe well-deserved reputation maintained by the Maltese Islands 
in connexion with their fossil fauna has been increased by a dis- 
covery lately made by my distinguished friend Mr. C. A. Wright, 
F.L.S. In a collection of animal remains he has lately forwarded 
to me from the Miocene beds of the islands, among other interesting 
relics I find two molars of Mastodon. The finding of Proboscideans 
in the rock-strata is of especial concern, and cannot prove otherwise 
than suggestive with reference to the historical geology of the de- 
posits. I propose therefore, in the first place, to epitomize the main 
facts relating to the structure and stratigraphical arrangement of 
the beds and their characteristic fossils, considering especially how far 
there is evidence of any of the fauna having been derived from older 
formations. In the second place, I will enumerate all the Vertebrata 
hitherto discovered in the Miocene beds. The Invertebrata have 
been carefully described or named by Forbes*, Wrightt, Davidsont, 
Rupert Jones§, Martin Dunean||/, and Woodward4. As described 
in a previous paper**, Maltese formations are divisible into (1) the 
Upper Limestone, (2) Sand bed, (3) Marl, (4) Caleareous Sand- 
stone, (5) Lower Limestone ; ; all of which are conformable. 

I. The Uprrr Tanestone attains its greatest depth in the island 
of Comino, which is composed of it entirely, attaining a thickness of 
about 250 feet above the sea-level. It is the surface-formation 
along the western portion of Malta and the highlands of Gozo ; but 
I doubt if its original thickness is preserved anywhere. Indications 
of more recent beds are seen in blocks of weathered limestone 
known as the Gozo marble, which are seen strewing the valley east- 
ward of the light-house on the northern shore, and in fragments of 
a black marble or limestone which strew the sides and summits of 
the Gozo hills?}. Like all the other beds, it has been extensively 


* Proc. Geol. Soc. vol. iv. p. 230. 

+ Ann. & Mag. Nat. Hist. ser. 2 » vol. Xv. ; Quart. Journ. Geol. Soc. vol. xx. p. 474. 

t+ Ann. & Mag. Nat. Hist. ser. 3, vol. xiv.; & Geol. Mag. 1864. 

§ Geologist, April 1864, & Geol. Mag. vol. i. p. 102. 

|| Geol. Mag. vol. i. p. 97. 

4| Report Brit. Assoc. 1872, p. 825. Dr. Woodward is engaged in working out 
the Crustacea collected by me in the Maltese Islands. 

** Quart. Journ. Geol. Soc. vol. xx. p. 470. See also Spratt, Proceed. Geol. 
Soe. vol. iv. p. 225. The geological map appended to the author’s memoir 
onthe elephants of Malta in the Trans. Zool. Soe. vol. ix. pl. xxii. may be referred 
to with advantage. 

tt A fragment of this limestone, examined by Professor Rupert Jones, F.R.8., 
showed Amphistegine and ossicles of Asteroidea. There can, I believe, be little 
doubt that these fragments have no connexion whatever with any of the exis- 
tent formations of the islands. (Geol. Mag. vol. iii. p. 152.) 


518 A. L. ADAMS ON VERTEBRATA OF THE 


denuded at different points, and is being now rapidly broken up by 
aqueous and atmospheric agencies. In its structure the following 
characters seem constant. (1) The upper portion is much broken 
and intersected by cracks and fissures, forming a rubbly white lime- 
stone, which forms the surface rock of the Benjemma plateau. (2) 
The above passes imperceptibly into a yellowish white rock, which 
is soft and forms almost a calcareous sandstone easily acted on by 
the weather, as is well seen on the cliffs west of Citt& Vecchia. 
(3) The Tks gradually merges into a red limestone of considerable 
durability and composed more or less of Corallines, Nullipores, Poly- 
zoa, &¢. It forms a prominent feature in the cliffs of Gozo and 
south-western aspects of Malta. 

The invertebrate fossils of the Upper Limestone are numerous; 
but it is markedly poor in vertebrata as compared with the under- 
lying formations. 

The following Brachiopoda collected by me in the Upper Lime- 
stone have been determined by Mr. Davidson*, F.R.S.,—Terebratula 
sinuosa, Megerlia truncata, Argrope decollata, Rhynchonella bipar- 
lita. 

The Mollusca are represented by at least five species of Pecten—to 
wit, P. Pandora, P. burdigalensis, P. Beudanti, P. scabellus, P. 
varius—and 3 or 4 undetermined species. Spondylus quinquecostatus 
is common. Casts of Conus, Venus, Cardium, Turritella, Haliotis, 
Murex, Fusus, and other genera are not uncommon?y. 

The Kchinodermata amount to 25 species, of which ten seem 
peculiar, whilst Clypeaster altus, C. marginatus, and Cidaris meli- 
tensis are among the most common species, and they are likewise met 
with in the Sand bed. 

II. The Sanp BeEp is the most variable of all the formations, both 
as relates to its mineral composition and its organic remains. The 
point of transition between it and the Red Limestone is often im- 
perceptible, the latter gradually becoming less compact and more 
granular until it degenerates into an indurated red sand made up 
more or less of the Heterostegina depressa, which forms horizontal 
bands along cliff-sections or les in disordered masses throughout 
many feet perpendicularly. These characters are displayed in cliff- 
exposures south of Dingli in Malta, and in the ravines of Emthaleb 
and Ramla Bay in Gozo. 

Sometimes the Upper Limestone gradually merges into a black 
indurated sand composed of particles of glauconite, felspar, topaz, 
&¢c., which forms a variegated bed made up of black, green, brown, 
and red sands intermixed and stratified. This variety is well seen 
on the scarp of the hill of Chelmus in Gozo, where it is fully 30 
feet in thickness. Altogether the greatest depth attained by the 
Sand bed may be little less than 60 feet. 

The characteristic fossil of this bed is undoubtedly the Forami- 

* Annals & Mag. Nat. Hist. vol. xiv. (8rd Series), & Geol. Mag. ae 

+ Author’s ‘ Notes of a Naturalist in the Nile Valley and Malta,’ p. 266. 


The Maltese Miocene Mollusca were first named by the late Professor Faw ard 
Forbes: see Proceedings Geol. Soc. vol. iv. pp. 230 & 231. 
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nifer just named, which, however, is not confined to it, but is met 
with in all the beds, although never in the exceeding numbers which 
characterize the red or Heterostegina-stratum. 

Of Vertebrata, out of 15 forms in the Sand bed, only two species 
of Pycnodont fishes have, so far as I know, turned up in the Upper 
Limestone. 

There is, however, a decided agreement between the Invertebrata, 
as is shown by no less than 14 genera and many species being 
common to both. 

The genus Pecten, so plentiful in the Maltese Miocene, is represented 
in the Sand bed by four species, also met with in the Upper Lime- 
stone. Of the Brachiopoda, Verebratula sinuosa and Meyerlia 
truncata are common to both formations, besides nine species of 
Hechinodermata, whilst nearly all the Polyzoa, Coelenterata, and 
Protozoa seem undistinguishable. 

III. The Mart Bep varies very much in thickness, thinning out for 
a depth of upwards of a hundred feet to scarcely an indication of its 
presence. Itis the most perishable of the beds, and is being rapidly de- 
nuded. It varies in colour and compesition, from a dark blue or drab 
colour to a light brown or grey; some sorts form a fair plastic clay, 
being both stiff and tenacious, whilst the light-coloured run in the 
form of horizontal bands. 

Of foreign components, nodules of sulphuret and peroxide of — 
iron, and gypsum, are plentiful, and often incrust the fossil remains, 
whilst the crystalline and lamellar varieties of gypsum are also 
common. Besides these, nodules of an ochreous-coloured clay per- 
forated by Pholad-borings, and containing casts of these mollusks, are 
not rare, and are apparently derivative. 

The most characteristic fossils of the Marl are a cuttle-bone of a 
small Sepia and casts of Nautilus, which Dr. Woodward, F.R.S., 
and his late brother, Dr. 8. P. Woodward, F.G.S., assured me are 
undistinguishable from the typical specimen of Nautilus ziczac. 

The organic remains are not, as a rule, in a good state of pre- 
servation ; however, out of 25 genera and species of Mollusca be- 
longing to the Sand bed, I have recognized as many as 13 in the 
Marl. ‘The only Brachiopod of the two upper formations that I 
have likewise found in the Marl is Verebratula sinuosa, which is not 
uncommon, and is the only representative of the group I have seen 
from this bed. : 

Of the 11 Echinodermata of the Sand bed not a single species has 
turned up hitherto to my knowledge in the Marl; but Achinolampas 
Laurillardi is common to the Marl and the Upper Limestone, whilst 
Hemiaster Scille makes its first appearance in the Marl. These are 
the only Echinida I haye found in the latter, excepting ossicles of un- 
determined species of Asteroidea, which are found in all the for- 
mations. 

TV. The Catcarnovus SAnpsTonr. 

The point of transition between the Marl and the Calcareous 
Sandstone is often abrupt. 

The latter presents considerable variability both in the general 
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character of the rock and its components. The most interesting 
are four well-marked seams of nodules, which differ considerably. 
Many of these lumps contain casts of Mollusca, and display appear- 
ances of having been rolled. They may be irregular in shape and 
consistence, or polished and rounded. The following is the result 
of very many careful examinations of cliff- and horizontal sections of 
this formation made by me during five years’ work on the Maltese 
deposits. 

The uppermost portion of the bed is composed of a pale grey 
freestone, soft and easily worked. Traversing this bed is a band of 
nodules, for the most part rounded and loosely arranged: it often 
thins out to a mere indication of a bed; indeed it would seem to 
be sometimes wanting. This, the First Nodule seam, is generally 
characterized by the abundance of casts of what have been supposed 
to be a Pteropod allied to Hyalea, and a Vaginella undistinguish- 
able from V. depressa. 

About eight feet below the last nodule-seam, in a fawn-coloured 
sandstone, is the Second Nodule seam, which is readily distin- 
guished, not only from its position but from the small round nodules 
and their loose arrangement. They are usually of a brown colour ; 
and when broken present no apparent characters distinct from those 
of the parent rock. The thickness of the band is often from three to 
four feet. It abounds with organic remains, and has produced 
nearly all the Vertebrata and the majority of the Invertebrata of the 
Calcareous Sandstone. It is a famous horizon from which the teeth 
of Squalide are obtained. 

About the middle of the bed a few scattered nodules of a light 
green colour extend in broken lines, but rarely agglomerated ; and 
they are not unfrequently absent. 

About thirty feet below the second seam is the Third, distin- 
guishable by the irregular shape of its nodules, which are of a dark 
brown colour, firmly cemented together, and apparently of the same 
mineral structure as the parent rock. They repose on a surface 
broken up by pot-holes and crevices, in which many of the nodules 
are contained. This stratum is highly fossiliferous; but, from the 
firmness and hardness of the matrix, organic remains are extracted 
with difficulty. It varies in thickness from | to 4 feet, and may be 
seen to the greatest advantage on the shore-line westward of the 
lighthouse of Gozo. 

From twenty-four to forty feet below the last is the Fourth Seam 
in a pale-coloured sandstone. It is made up of lght-brown 
nodules of irregular shape and of variable thickness. It marks the 
point of transition between the Calcareous Sandstone and Lower 
Limestone beds. Sometimes a seam of rounded nodules of lime- 
stone traverses the rock in place of these calcareous nodules; the 
former differ in their waterworn aspect and the great firmness of 
their matrix, which is composed of fragments of shells of various 
forms found in both formations. Moreover the fourth nodule seam 
may be replaced by lines of broken shells. 

As to the mineral composition of the nodules generally, I repeat 
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that there was apparently no distinction to be made between them 
and detached fragments of the parent-rock or of the Lower Limestone, 
as the case might be. They had the aspect of having been washed 
and worn by marine action, and contained the fossils of the bed 
and many forms not found in it. 

The greatest thickness of the calcareous sandstone may be a little 
over 200 feet. 

Besides the nodule seams, interspersed throughout the bed are 
dense bands and nodules of chert, of a grey-brown colour and con- 
choidal fracture. These may take the shape of rounded masses, but 
are oftener seen forming thin seams in a pale-coloured sandstone 
towards the base of the bed. Concretionary nodules of red heema- 
tite and clay-ironstone are also met with throughout the bed, but 
in greatest abundance in the upper parts near to the marl; also in 
the same situation nodules of crystallized gypsum appear, even 
below the first nodule seam, where lumps of iron-pyrites, with 
sulphur in small quantities, are met with as in the overlying marl. 

The Vertebrata will be noticed in the sequel. 

The invertebrate fauna of the Caleareous Sandstone and the 
nodule seams are conspicuously represented by Pecten and Kchinida, 
Pecten cristatus, Bronn?, P. scabellus, and P. squamulosus being 
plentiful. Clavagella and from 2 to 3 species of Scalaria, and 
Spondylus, Ostrea Boblayei, and O. Virleti are common, besides 
numerous other species *. 

Out of 21 forms met with in the Marl, about 12 affect also the 
Calcareous Sandstone and its nodule bands. 

The Brachiopoda are Terebratula sinuosa, T. minor, Terebratulina 
caput-serpentis, and Thecidium Adamsi, the first being the only one 
common also to the marl. 

Of 22 species of Echinodermata found in the Calcareous Sandstone, 
9 are common to it and the Upper Limestone, whilst 4 are also 
common to the Sand bed, and 2 are also found in the Marl. 

Foraminifera in this bed are noticed Geol. Mag. vol. in. p. 152. 

V. The Lowrr Limestone has its upper horizon marked by what 
I have named the “ Transition or Scwtella-bed” t. 

The upper portion of this stratum passes so imperceptibly into 
the Calcareous Sandstone that, were it not for certain organic remains 
which constantly mark the point of transition, it would be difficult 
to define where the one ends and the other begins. 

The saucer-shaped Scutella subrotunda and the Orbitoides Man- 
telli t congregate in the above situation in great abundance. 

The Lower Limestone presents considerable variability. It may 
be concretionary and oolitic in its composition, or irregularly com- 
pact and often semicrystalline. Large portions are made up of 
broken shells, Corallines and Foraminifera, whilst the structure of 
much of the upper parts is made of globular white nodules, strewn 
irregularly throughout a lamellar or concentric bedding. 

The colour varies from a pure white to a cream-colour. 

* Author, op. cit. p. 129; Forbes, Proc. Geol. Soe. iv. p. 280. 
t Op. cit. p. 138. t Geol. Mag. vol. i. p. 104, and vol. ii. p. 152. 
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The Lower Limestone attains a height of about 400 feet above 
the sea-level. 

A nodule-seam frequently replaces the Scutella- or Orbitordes- 
stratum, and is made up of detached fragments of the parent rock 
and the Calcareous Sandstone firmly cemented together. At Ras- 
el-Kala, in Gozo, it is represented by a remarkable bed of oyster- 
shells, chiefly belonging to Ostrea Boblayei. 

The difficulties attending examinations of the cliff-sections, toge- 
ther with the indifferent state of preservation, render the enu- 
meration of the fauna of the lowermost bed more imperfect than that 
of the others. Besides the foregoing, Ostrea navicularis, a fossil of 
the Sand bed, is also common in the lowermost rock. Pecten cris- 
tatus, Bronn ?, is apparently also plentiful, together with P. squamu- 
losus of the Sand and Calcareous Sandstone; and what has been 
named P. varius is also apparently common to all the formations 
excepting the Caleareous Sandstone. Spondylus quinquecostatus, or 
else a very closely allied species, is common to the Upper and Lower 
Limestones besides the Calcareous Sandstone. But the charac- 
teristic and most plentiful fossils, especially in the uppermost portions 
of the Lower Limestone, are casts of Conus, some of large size, and 
other genera not sufficiently preserved to admit of specific deter- 
mination, among others J/aliotis, of which there are apparently 
more than one species; indeed the genus is represented in all the 
formations. 

The Brachiopoda are Terebratula minor and Thecidium Adamsi, 
common also to the Calcareous Sandstone. 

The Echinodermata identified by me amount to 20 species, of 
which 13 are also common to the Calcareous Sandstone, | (/7/. seil/a) 
to the Marl, 3 to the Sand bed, and 11 to the Upper Limestone—to 
wit, Cidaris melitensis, Psammechinus Ducei, Echinolampas Kleini7, 
Hemiaster Cotteaw, Schizaster Scille, S. Parkinson (the most 
common Kchinoid in the Maltese rocks), Towobrissus crescenticus, 
Brissus cylindricus, B. oblonqus, Eupatagus De-Konincku, Spa- 
tangus delphinus. 

Foraminifera in this bed, noticed in Geol. Mag. vol. 11. p. 152. 

I must here take notice of a remark of M. Fuchs in a note to his 
paper on the ‘‘ Age of the Tertiary Beds of Malta” *, wherein he 
observes “ that the statement advanced by Spratt, Adams, and other 
authors, that the same species of Pecten and Echinida recur in the 
Lower as well as in the Upper Limestone,” is not correct, and that 
the error may have arisen from confounding P. Haueri and deletus 
of the lower beds with P. spinulosus and costatus, which occur 
equally plentifully in the upper beds. Again, the writer observes 
“that, with the exception of the Thecidiwm Adamsi from the Lower 
Limestone, all the remaining Brachiopoda were exceedingly rare, 
although, according to the statements of the authors, they are said 
to occur not only in great quantities, but are even said sometimes to 
form whole banks.” M. Fuchs further states that “he was unable 


* Berichte der Akademie der Wissenschaften, Munich, Ixx, p. 92. 
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to discover Yerebratula ampulla, T. minor, and Terebratulina 
caput-serpentis.” He moreover, in consequence of his failure to dis- 
cover these species, supposes, as they are plentiful in the Pliocene 
of Sicily, that certain specimens described by Davidson were im- 
ported from that island and incorporated with the Maltese 
Miocene. 

With reference to the Pectens above mentioned, whilst I admit 
the possibility of confounding the broken and scarcely, at the best, 
entire specimens from the Lower Limestone with 7’. spinulosus and 
T’. costatus, so plentiful in the red or coralline bed of the Upper 
Limestone, I must aver, so far as the Brachiopoda and Hchino- 
dermata, whose distributions have just been detailed, are concerned, 
I see no reason whatever to retract any thing that I have stated, or in 
the observations made by me in the papers on these two groups, so 
ably described by my distinguished friends, Dr. Wright, F.R.S., 
F.G.8.*, and Mr. Davidson, F.R.S.r At the same time I quite agree 
with the latter that the so-called “* Maltese” Waldheimia Garibal- 
cianat has assuredly no claims to be so considered ; and I can suggest 
the probable cause of M. Fuchs’s bad fortune in not finding fossils in 
the Maltese beds where his predecessors assert they are common, by 
the cireumstance that as the majority of the specimens are obtained 
from cliff and horizontal sections, where the rock decomposing 
leaves the fossil prominently exposed, it so happened that during 
a period of nearly six years I was almost constantly engaged with 
others in making collections wherever the nature of the ground 
would permit a sound footing; so that many exposures, once 
extremely prolific of fossils, became absolutely denuded of every 
vestige of animal remains recognizable, at all events, to the 
naked eye. 

Consequent on the apparent discrepancies between the uppermost 
and lowermost beds, M. Fuchs, in his able and interesting paper 
just referred to, divides the Maltese beds into two groups, which he 
considers are ‘‘ paleontologically most sharply separated from one 
another, and have only a very few fossils in common ”—a statement 
true in some degree, but certainly not to the extent he imagines; 
nor is it so pronounced as, in my opinion, to warrant the removal 
of the uppermost beds from the other formations. 

I shall now proceed to the consideration of the vertebrate fauna 
of the formations. 


VERTEBRATA. 
MAMMALIA. 


Mastopon ANGusTIDENS? (Plate XXY. figs. 5, 5a.) 


The specimens by which the presence of remains of Mastodon in 
the lower beds of the Miocene formations of the Island of Gozo is 
established, comprehend two imperfect molars. Fig. 5 retains only 


* Op. cit. p. 474. t Ann. & Mag, Nat. Hist. ser, 3, vol. xiv. p. 5, 
t Geologist, 1862, p. 446, pl. 24. f. 19. 
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the two anterior and one of the middle ridges, the remainder of the 
crown having been broken recently and lost. 

The other tooth is still more imperfect, only one of the anterior 
and middle nipples remaining. It differs, however, from the former 
crown; for whilst its anterior ridges have also been quite recently 
broken off, the surface of the tooth, where the two companion ridges 
of those still extant should be, is firmly incrusted with the matrix, 
showing that the enamel had been denuded prior to or during the 
imhedment of the tooth. 

Both molars have the bases of their crowns where the fangs 
originate also covered with the characteristic calcareous sandstone 
of the islands. 

Mr. Wright informed me that he procured the specimens from a 
native boy, and that he visited the spot and fully confirmed the 
statements of the finder. ‘The specimens were found at different 
times by the same lad, and were cut out of the solid compact Cal- 
careous Sandstone *. 

The specimen fig. 5, was discovered in October 1871, on one of the 
<< nodule-seams ” of the Calcareous Sandstone, close to the shore, and 
nearly at the sea-level, in the Bay of Marsa el Forno, on the N.E. of 
Gozo. 

The other tooth “was found in December 1873 in the same 
horizon, but at a distance of a few hundred yards further west- 
ward, near the promontory called Kola Baida.”’ 

The characters and state of detrition of the crowns are the same 
in both teeth, which are no doubt penultimate molars. 

That they belonged to a trilophodont Mastodon seems to me 
probable from the diminished extent of continuity, indicating a 
surface barely sufficient for two additional ridges, and which must 
have been smaller a good deal than those stil] existing. 

Both molars, especially that shown in fig. 5, display much rough- 
ening (vr) of the enamel around the base of the ridges and out- 
lying mamille. In these respects, as in the presence of other digi- 
tations on the crown and sides of the ridges, they approach M. an- 
gustidens rather than M. Borsonz in character. 

A broad pressure-mark (j) is seen on either tooth on the talon. 

The dimensions and characters, so far as procurable, agree with 
those of the penultimate of M. angustidens ; but altogether they are 
insufficient for the differentiation of species. 


PHOCA RUGOSIDENS, Owen. 


Professor Owen, to whom I sent the teeth (Pl. XXYV. figs. 1, 2) 
from Malta, has named them rugosidens, from the pronounced 
roughening of the enamel. Altogether four specimens were dis- 
covered in the Calcareous Sandstone of Gozo 7, two of which, from 
Mr. Wright’s collection, are also represented with the above. 

* The matrix corresponded with the locality pointed out. In the case of 
fig. 5, Mr. Wright examined the cutting made with a knife in the rock to extract 


the specimen. 
+ Notes of a Naturalist, p. 269. 
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The British Museum possesses the portion of a left ramus, shown 

in Pl. XXV. fig. 1. It is No. 33243 of the Paleontological 
Collection, and was presented by Earl Ducie. The fragment is — 
incrusted with gypseous crystals and matrix of the Marl bed. 
Unfortunately the teeth are wanting; the jaw, however, in general 
characters is decidedly phocine, whilst the rather unusual depth of 
the horizontal ramus and the unusually high angle formed in front 
by the coronoid furnish important characters. 
_ Canine teeth of large size, and referable to Phocide, are common 
in the Sand bed, and are also somewhat plentiful in the nodule-seams 
of the Calcareous Sandstone. ‘Two portions, a fang and crown, in 
Mr. Wright’s collection, are from the black-grained variety of the 
Sand bed. The former shows a maximum girth of fang of about 
43 inches; and the enamel is rough, like that of the grinders just 
referred to. 

Thus the genus Phoca is represented from the Sand, Marl, and 
Calcareous Sandstone. 


SQuALODON. 


The well-known fragment of a jaw with three teeth in place, 
discovered by Scilla in Malta about 1670*, and now in the Wood- 
wardian Museum, Cambridge, is the only instance I know of carni- 
vorous Cetaceans from these beds. The matrix would indicate that 
it was obtained from one of the nodule seams of the Calcareous 
Sandstone. Hitherto it has been included in the genus Zeuglodon ; 
but the much smaller dimensions and more triangular and serrated 
teeth place it with Grateloup’s genus Squalodon. 


DELPHINUS. 


Professor Owen recognized remains of more than one species of 
Delphinus in Admiral Spratt’s collection from the Sand bed; and 
fragments of jaws with teeth in sitw were recognized by me in 
collections made by the late Captain Strickland from the Calcareous 
Sandstone. 

Large-sized Cetacean vertebrae are not uncommon in nearly all 
the beds, but especially in the Sand bed, where I also discovered 
the greater portion of a mandible t. 


HarirnEerium Scurnz1? Kaup. 


Remains referable to the genus Halitheriwm have been already 
recorded from Maltese Miocene formations, as follows :— 

1. A molar from a nodule bed of Calcareous Sandstone, and an 
“ ear-bone” composed of the periotic and tympanic, together with 
several caudal vertebrae, from the Sand bed§. 

2. L have also figured and described a similar tooth (possibly a 


* Vana Speculazione, Tab. i.—iii. : Naples, 1670. 
+ Proc. Geol. Soc. London, vol. iv. p. 280. { Op. cit. p. 134. 
§ Quart. Journ. Geol. Soe, yol. xxii. p. 595. 
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penultimate true molar) in my work on Malta*, from the Lower 
Limestone. 

3. In the notice of the foregoing I refer to a fragment of a jaw 
with two teeth in situ. This interesting relic, now in the British 
Museum, was found in Gozo, and might have been lost but for the 
vigilant eyes of Mr. Wright, who brought it to the notice of Admiral 
Spratt. It is the specimen examined by Falconer, and which he 
compared with Halitherium and Listriodon, and has justly referred 
to the formert. The limestone matrix seen on the specimen 
indicates the uppermost or else the lowermost formation ; which, it is 
impossible to say. 

The specimen No. 4085 is a fragment of a left maxilla, about 33 
inches in length. The outer table is removed, showing the fangs of 
the penultimate true molar. Part of the socket of the ultimate 
molar remains; the penultimate is entire, whilst the antepenultimate 
has lost a portion of the crown externally. The crown of the last 
premolar is broken off; and a pit in front indicates the position of 
the preceding tooth. 

The jaw is shown, crown and profile, natural size, in Plate XXY. 
figs. 8 and 3a. The second true molar is quite unworn, like the 
preceding specimen. It displays the two ridges with a deep open 
internal valley and the two pits, one anteriorly and the other on the 


posterior aspect of the crown. ‘The dimensions of this tooth are as 
follows :— 


millim 
ene thinmcludimestancsi sri: neue sey ieee ae 34 
Antero-posterior diameter of crown.......... 20 
Bread heoherowl Geers eee eee 21 
LEAN ON GONG Vonlaoy gone sb ouusbaaceado 14 


4, The broken crown from Mr. Wright’s collection (Plate XXYV. 
fig. 4) carries good evidence of the formation in which it was found, 
being incrusted with a matrix of red sand from the Sand bed in 
Gozot. The crown-pattern is characteristic; and the tooth is pro- 
bable a penultimate true molar of the mandible. 

5. Several vertebree covered with clay and crystals of gypsum, 
together with fragments of ribs, are in the British Museum. They 
show that they were derived from the marl and nodule seams of the 
Calcareous Sandstone, whilst the characters assimilate to the same 
parts of Halitherium, not so cogently, however, as the preceding. 

I take this opportunity of correcting a mistake made in my former 
communication to the Society§,wherein I state that remains of Dugong 
are also found in the Maltese rocks. This I have since discovered is 


* Notes of a Naturalist in the Nile Valley and Malta, p. 268. 

+ Paleontological Memoirs, vol. i. p. 304. 

{ Professor Owen, as far back as 1843, recognized bones, “apparently of a 
Manatee,” in Admiral Spratt’s collections from the Sand bed (Proce, Geol. Soe. 
London, vol. iy. p. 230). 

$ Quart. Journ. Geol. Soe. vol. xxii. p. 598; also ‘ Notes of a Naturalist in the 


Nile Valley,’ p. 265, where I have erroneously included the Manatee and Dugong 
besides the Halitheriwm. 
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not the case, and that all Sirenian remains which have come under 
my notice may be referred to Halitherium. 

From the data here furnished the Halitherium has left its remains 
in all the Maltese formations excepting the Upper Limestone. 


REpTIxIA. 
IcHTHYOSAURUS GAUDENSIS, Hulke*. 

The above was discovered in the Calcareous Sandstone, it was said, 
of Gozo. I was long familiar with the specimen, and urged the 
late Captain Strickland to send it to England for comparison. There 
can be no question of its being from the Miocene of the Maltese 
Islands. 


MELrrosavRUS CHAMPSOIDES, Owen. 

Besides the original specimen described by Owen and now in the 
British Museum from the Calcareous Sandstone of Gozo, there is a 
tooth undistinguishable from that of this species in Mr. Wright’s 
collection, seemingly from the nodule-bed of the same formation. 


Crocoprtus GAupENsts, Hulket. 

This specimen was obtained from the Calcareous Sandstone of 
either Malta or Gozo. Of its origin there cannot be any doubt, as I 
had frequently examined it in Captain Strickland’s museum, and it 
was sent at my instigation to England for comparison. Indeed there 
are indications in the public and private collections in Valetta of 
more than one species of Crocodilus from the Calcareous Sandstone 
and its ‘“‘nodule seams.” 


Pisces, 
STEREODUS MELITENSIS, Owen. 

The only example known to me of this ‘“Cycloid with Sauroid 
dentition” is that described by Professor Owen in the Geological 
Magazine, vol. i. p. 145. It was obtained from the upper portion 
of the Calcareous Sandstone in the quarry of Lucca, Malta. 


MYLIOBATES TOLIAPICUS ? 

Teeth of more than one species are found in the Sand, Marl, 
Sandstone, Calcareous, and Lower Limestone beds. 

Specimens from the first and last named beds did not appear to 
differ in any particulars from M. toliapicus of Agassiz, whilst spines 
of large size are not rare in the Marl. 


OTOBATES SUBCONVEXUS, Agassiz. 


Several teeth from the Sand bed, and less entire specimens from 
the Marl, in which they are plentiful, cannot be distinguished from 
the above. 


* Quart. Journ. Geol. Soe. vol. xxvii. p. 29. Ibid. p. 30, 
Q.J.G.8. No. 1389. 20 
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SaquaLIpz *, 


The Sharks’ remains are the most varied and numerous of all the 
vertebrates of the Maltese Miocene. Their teeth have found their 
way into almost every public collection in Europe, and continue to 
furnish employment to persons who make it their business to dis- 
pose of them to travellers. With the exception of the Upper Lime- 
stone, they have been found in all the beds. From a large expe- 
rience in collecting and determining the Maltese species, I have 
been enabled to furnish the following Table of their stratigraphical 
distribution. 


| 
Upper | gind. | Mart, | Calcareous| Lower 
Limestone. ; ar": | Sandstone. | Limestone. 

Carcharodon megalodon. * * * x 
Carcharias productus . * % x * 
Oxyrhina xiphodon ...... % Mise * 

Inastilis))jscceseces see. x* SBE % 

Mantel yeti osesce * 
Hemipristis serra ......... * % 

paucidens ............ * * 
Corax aduncus ............ abe * 
Odontaspis Hopei? ...... aes “et * * 
Lamna elegans ............ aes 580 500 * 


So far as I know, none of these Squalidee has been discovered in the 
upper and middle portions of the Upper Limestone. They suddenly 
appear, however, at the point of junction between the Red Limestone 
and the Sand bed, where they are plentiful, especially Carcharo- 
don megalodon, some of the largest specimens of the teeth of which 
have been discovered here. The Maltese historian, Boisgelin, refers 
to one as much as 7 inches on its largest side +; and I have referred 
to a tooth from the black sand 6°3 inches in length}. It is in this 
bed, and the Calcareous Sandstone, more especially in the upper 
“nodule seams,” that they abound, and in the latter associated with 
Mollusca and Echinodermata. 

I have rarely found teeth in the Lower Limestone, and these 
only of the two species recorded above. 

As regards numbers, they are met with in the order given, the 
two rarest being Odontaspis Hoper (which, however, I haye not seen 
with its dentils), and Lamna elegans. 


NorrmpANUS PRIMIGENIUS ? 


A tooth resembling that of this species is figured by Scilla § ; 


* Nearly all the Maltese Sharks were long since determined, more or less 
exactly, by Sir Philip Grey Egerton, Proc. Geol. Soc. vol. iv. p. 230. 

+ Boisgelin’s ‘ Malta,’ p. 33. t Op. cit. p. 139. 

§ Vana Speculazione, plate 2. 
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and this is the only record of its existence in the Maltese strata. 
The specimen was, perhaps, from the Calcareous Sandstone. 


Pratax Woopwarni, Agassiz. 


Several specimens discovered by me in the Calcareous Sandstone 
of Malta were subsequently determined by the late Dr. S. P. 
Woodward, F.G.8. They were of the pear-shaped outline, with a 
process and small indentation on one side, representing the concre- 
tionary appendage of the vertebre and ribs, like the specimens 
common in the Red Crag. 


Dropon. 


This group is represented by teeth varying much in dimensions. 
It is one of the few vertebrates hitherto discovered in the Upper 
Limestone, where, doubtless, there are more than one species. Teeth 
are not uncommon in the Calcareous Sandstone, but chiefly in the 
nodule seams; whilst unusually large specimens indicate very large 
globe fishes in the Lower Limestone. 


SPHRODUS. 


This genus is well dispersed throughout all the beds, and was 
evidently represented by several distinct forms. ‘Teeth of a species 
not distinguishable from those of S. gigas, Pictet, are rather common 
in the Sand bed. I have seen impressions of the greater portions of 
the skeleton of a fish of the type of Spherodus in the Calcareous 
Sandstone, where the smaller teeth are occasionally found. I quite 
anticipate that the future will show a large addition to the 
Pycnodont fishes of the Maltese Miocene beds. 

The question whether the stratified seams of nodules and the lumps 
of yellow clay with pholad-borings met with in the Marl together 
with other adventitious materials and their associated animal remains 
belong to the same period as the beds in which they are found, 
seems to me scarcely to admit of a positive answer at present. 

The lumps of ochreous-coloured clay met with in masses several 
inches in circumference are very irregularly dispersed throughout 
the Marl, and seem to have been derived from the degradation of 
older beds. The hardened nodules of the Calcareous Sandstone with 
particles of Sharks teeth and tests of Echinide and Mollusca found in 
their interior, together with the abundant animal remains associated 
with them, might point to their redeposition. But a very large 
number of the species found in the nodule-seams are also dispersed 
throughout the beds in situations where their appearance indicates a 
tranquil deposition, as further shown by the entire skeletons of fishes 
&c. found along with them. At the same time the Mastodon, Hali- 
therium, Squalodon, and Delphinus, more or less met with in all ex- 
cepting the Upper Limestone, seem to preserve the Miocene facies 
both for the nodule seams and the respective beds in which the 
remains are found, 


202 
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EXPLANATION OF PLATE XXV. 


Fig. 1. Fragment of a left ramus of a mandible of Phoca: nat. size. 
2, 2a, 26, 2c. Four teeth of Phoca rugasidens, Owen: nat. size. 
3 & 8a. Crown and profile views of a portion of a left maxilla of Halz- 
therium Schinzi ?, Kaup: nat. size. 
4, Crown view of a lower penultimate? molar of Halitheriwm Schinzi?, 
Kaup : nat. size. 
5 & 5a. Crown and profile of molar of Mastodon: nat. size. 


Discussion. 


The Prestpent remarked that, according to observations which 
he had lately made, rocks appeared often to suffer contempora- 
neous erosion, frequently being broken up into small fragments and 
redeposited. 

Prof. Boyp Dawxins was of opinion that the Ichthyosawrus be- 
longed to quite a different stage of evolution from that of the 
Miocene Mammalia. In illustration of the association of fossils with 
those of a different age, the Ichthyosaurus and Spherodus gigas in the 
Neocomian beds of Bedfordshire and Cambridge might be quoted, 
derived from the Kimmeridge Clay; and he thought there was no 
reason to believe that Ichthyosaurus lived in the Miocene period 
in Europe. The specimens mentioned in the paper were probably 
derived. 

Prof. Duncan thought that many of the fossils mentioned in con- 
nexion with the nodules were remaniés. As regards the age of the 
beds, his investigation of the corals had led him to the conclusion 
that they were Upper Miocene. He thought that the district bore 
evidence of subsidence. If the age of the upper deposits in Malta 
was Pliocene (as it might be), the whole might be connected with 
the upheaval of the Apennines. He thought Malta marked a point 
of near approach between the European and African continents. 

Mr. Hotxe stated that he had dealt with the Ichthyosaurus jaw 
from Malta simply as an anatomical question, not with reference to 
the deposits whence it had come. Still he must say it did not look 
worn, and the teeth were very like those of J. enthekiodon from the 
Kimmeridge Clay. However, on the point of age he would express 
no opinion. 

Mr. CuariLeswortH, remembering how opinion had changed on 
the subject of Trigonia, did not see why an Jchthyosaurus might not 
have survived to the Tertiary period. Caution, however, was neces- 
sary; for Cretaceous fossils were often found in the Pliocene, and 
it was often hard to say whether fossils were derivative or not. 
He argued, from his view of the nodules in the Crag and the Lias, 
that they were concretionary. He thought that, from the evidence 
before the Society, the species of Mastodon could not be determined. 

Prof. T. R. Jonzus expressed his gratitude for the information 
given by Prof. Leith Adams in his paper on the Mastodon of Malta, 


Quart. Journ.feol.Soc Vol. XXXV.P1. XXV 
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as regards both the fossils and the stratigraphical details. He 
offered some remarks on the structure of the island and of its 
strata. 

Mr. Hutxe remarked that we now knew that many of the old 
life-forms had a wide range in space and time. For example, the 
Iguanodon was once supposed to be restricted to the Wealden; but 
he thought there was clear evidence that it lived in Purbeck time, 
and also in all probability (from the evidence of a femur in the 
British Museum) survived to the Maestricht Chalk. 

Prof. SrrLry said the Woodwardian Museum contained Jethyo- 
saurus vertebree from the London Clay of Sheppey, which might or 
might not be derived, possibly Liassic, as he rather suspected, pos- 
sibly a new form. 
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41. Norss on the Srructure of the Patmozorc Districts of West 
Somerset, By A. Coamprrnowne, Ksq., M.A., F.G.S., and W. 
A. E. Ussurr, Esq., F.G.S. (Read May 14, 1879.) 


INTRODUCTION. 


Iw the following account of traverses made during the past autumn 
across some of the classical ground of West Somerset and its con- 
fines, we do not aim at any extensive alteration in principle of the 
work wrought by the master hand of De la Beche, and given to the 
scientific world forty years ago *. 

Notwithstanding the encyclopedic paper of Mr. Etheridge +, 
wherein both the physical and paleontological relations of the 
North-Devon rocks are so ably worked out, instances of unbelief 
will occur where ocular evidence is wanting, prompted perhaps by 
a hankering after the apparently simple version of the structure of 
North Devon put forward by the late lamented Prof. Jukes £. 
Although the ground has been carefully gone over in Mr. Kthe- 
ridge’s paper, such a confirmation of his views as the infilling of 
minor stratigraphical details affords may not be altogether unworthy 
of attention. 

The classification which De ia Beche’s unequalled description of 
the North-Devon rocks suggests was put into form by the late Prof. 
Phillips, who, however, included the unfossiliferous grits and slates 
of Pickwell Down with the slates of Mortehoe as one division §. 
Although these divisions were similarly treated by Mr. Hall in 1865 
and 1867 ||, a more detailed description mitigated an error of classi- 
fication which that gentleman has since abandoned. Mr. Hall in- 
formed us that the term Pickwell-Down Sandstone was applied to 
that division by Prof. Jukes, acting on his suggestion. To Mr. Hall 
belongs the credit of inaugurating the present more complete classi- 
fication, which rightly distinguishes the position of the Lower 
Pilton, or Baggy Beds in the upper part of the series]. This clas- 
sification was, with some slight modifications, retained by Mr. Ethe- 
ridge, and has been adopted by us. With this introduction, we 
shall commence with our westernmost traverses. 


* Report on Geol. of Cornw. & Dev. ch. 3, &e. 
t Q. J. G.S. vol. xxiii. p. 568. 
t Q. J. G. 8. vol. xxii, p. 320, and additional Notes, &e. 

§ Pal. Foss. Devon, Cornwall, and W. Somerset, pp. 183-193. 

|| Lecture to Exeter Naturalists’ Club, Sept. 23, 1865; and Q.J.G.8. 
yol. xxiii. p. 372, 

§| It should be mentioned that Mr. Hall has abandoned the term conglome- 
rate as applicable to any of the N. Devon Devonian rocks, the concretionary 
structure in the Pickwell Down division to which it was ’ applied being too 
insignificant to merit the designation. 
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From Dutvrrron Sration to Dunster (fig. 1). 


Dulverton Station is situated upon the junction between the 
Culm-measures and Pilton slates. Towards Brushford, Pilton fossils 
were obtained in nearly vertical slates, passing insensibly into the 
Culm-measures in the railway-cuttings. The well-marked feature 
of Hulverton Hill (to the south of the railway) is formed by the 


- characteristic Culm-measure rocks, which, along a line nearly east 


and west from Coddon Hill (south of Barnstaple) form here and 
there bold hog-backed or conical hills, notably at Swimbridge. 
These beds are easily distinguishable by their baked appearance, 
whitish, buff, or dark-grey colour, and frequent chertoid texture ; 
they consist of thick shales or thin fine-grained grits in tabular 
layers, so intersected by even joints as to afford a valuable road- 
metal without further fracture. In a quarry on Hulverton Hill the 
Coddon beds dip 8. 10 E. at 80°. To the north of the railway, 
to the east of Brushford, grey Pilton slates, vertical, and striking as 
at Hulverton Hill, are exposed in a quarry, from which Prof. Phillips 
obtained many of his best specimens. 

By the highroad to Dulverton, at a mile from the station, bluish- 
grey slates, with thin even beds of limestone and grit, containing 
quartz, dip 8. at from 45° to 65°. In Pixton Park a southerly dip of 
45° was obtained near the gatehouse, where the grey slates strike 
parallel with the Culm rocks of Hulverton Hill. A little north- 
ward of Combe Farm, so far as meagre surface evidence may be re- 
lied upon, a band of buff or brownish grits, either belonging to the 
Cucullea-zone or occurring above it in the Pilton beds, crosses the 
highroad, forming the crest of an anticline; for towards Dulverton 
the Pilton beds dip N. at 75°, and near the bridge across the Barle 
N. 30° W. at 20°. 

Just above Dulverton church the grey slates suddenly give place 
to lilac-red slates and grits, so characteristic of the upper part of 
the Pickwell Down division, which is further evidenced by features 
and surface indications as far north as Court Down. ‘This junction 
is evidently a fault, both from dissimilarity in amount and direction 
exhibited by the dips on either side of it, and from the absence of 
the Cucullwa-grits and olive slates (forming together the Baggy 
Beds, or Lower part of the Pilton series). Proceeding eastward to 
Hele Bridge, further evidence of the fault is furnished by a deve- 
loped continuation of the grit band before noticed near Combe Farm. 
The beds are exposed in Pixton Park, near a gate-house, and dip 
N.W. at 55°. Immediately on the north of the highroad they end 
off sharply against the Pickwell Down division. From Hele Bridge 
northward to Barlynch Abbey, where it is exposed in quarries, 
the Pickwell* series is amply evidenced by characteristic surface- 
stones, vegetation, and form of ground. ‘To the north of the Abbey 
a quarry about 25 feet in height exposes light grey or greenish and 
faint reddish grits with red markings in places, dipping 8. 15° E., 
with undulations, at an average angle of 45°. A cleavage structure 

* We omit the fuller title for the sake of brevity. 
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is here and there developed in directions parallel to the joints; in 
places the undulating surfaces of the joint-planes resemble the 
adjacent markings by the road, attributed by Prof. Jukes to ice 
mamillation. In the vicinity of this spot the Pickwell beds seem 
to form a syncline, as northerly dips are met with near the Abbey 
on the south. 

Near Oxgrove an appearance of northerly dip is probably occa- 
sioned by joints in the direction of the cleavage. At a quarter of a 
mile north of Oxgrove we appear to cross the junction between the 
Pickwell series and underlying division of greenish and grey slates 
of Morte and Ilfracombe (called after the typical localities in which 
their upper unfossiliferous and lower fossiliferous beds are respec- 
tively developed). Greyish schistose or irregular slates near Oat- 
way are apparently intersected by joint-planes dipping N. at 70°, 
whilst the bedding seems to follow the direction of the cleavage, 
dipping 8. 10° E. at 70°. In places the slaty laminz thicken into 
impersistent lenticular gritty bands. At Chilly Bridge characteristic 
Morte slates are exposed. Due east of Kent’s Mill the slates dip 
E. 20° S. at about 50°; a few chains to the north grey uneven or 
schistose slates, with vertical cleavage, seem to dip N. 20° W. at 
from 60° to 70°. At about one third of a mile north from the 
above a northerly dip is exhibited. 

At the junction of the Ordnance map sheets 20 and 21, grey grits 
and purplish slates are associated with greenish and bluish grey 
slates, proving a repetition of the Pickwell series, in a syncline, 
aided by fault. From the occurrence of Pickwell beds to the north 
and north-west, we have little hesitation in saying that the Morte 
slates of Chilly Bridge form an anticline, throwing off the Pickwell 
beds on the north and south, and passing under them on the west 
towards Drayton Farm. 

At Clammer irregular or schistose slates and slaty grits, with 
vertical cleavage, and in colour more allied to the Morte than the 
Pickwell beds *, seem to dip S. to 8. 20 E. at 50°. A contrary dip, 
N. 20 W. at 70°, is suggested by divisional planes, apparently joints. 
Near Clammer bedding and cleavage-planes appear to run in the 
same direction, but the joints seem to be vertical. From Clammer 
to Bridgetown slaty lilac or purplish grits and slates are associated 
with grey slates, and undoubtedly belong to the lower part of the 
Pickwell series, from evidence obtained to the west of the Exe 
yalley. Near Bridgetown lilac or purplish and grey slates, uni- 
formly coated with lichen, and presenting a grey weathered surface, 
are finely exposed in the road-cutting. The cleavage-planes, in- 
clined southward at 60° to 70°, are intersected by two or three im- 
persistent lines, apparently bedding-planes, giving a southerly dip 
of 13°. 

At Bridgetown the dip is 8. at about 65°; and the lower parts of 
the Pickwell-Down series, forming a passage into the Morte slates, 
rest upon them in strict conformity, the junction-line having been 

* Compare greenish grits and slaty beds near Drayton and Slade Farms in 
Pickwell series, Barle Valley, two miles above Dulverton. 
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traced westward from the bank of the Barle (opposite Bridgetown), 
where Morte slates are shown normally dipping under the Pickwell 
beds. 

From Exton to Cutcombe no further evidence of the Pickwell 
series is obtainable by the highroad, although, to the south of 
Winsford, a strip of the lowest part of that series, represented by 
intercalations of purplish, buff, and greenish slates, appears to be 
brought down by fault or undulation between Yellowcombe and 
Winsford, but in insufficient force to permit of their extension 
eastward to Widlake, where a dip of 50° to the 8. was obtained in 
Morte slates. 

Near Lock Yard the slates dip as at Widlake. West of Lower 
Quarum they are stained reddish, and exhibit a tendency to slaty 
erit. From Lower Quarum to Whiten Farm the slates have a 
steady southerly dip at 40° to 50° where exposed. The bedding 
seems to follow the direction of the cleavage at right angles to the 
joints eastward of Hoe Farm. It is impossible to distinguish the 
Morte and Ilfracombe varieties of this great series of slates by any 
definite boundary; a provisional line might be dotted through 
Kyeson Hill or Lower Quarum. At the Mill, between Whiten 
Farm and Luckwell Bridge, the Wheddon-Cross limestone-beds 
mentioned by Mr. Etheridge are well exposed ; they consist of about 
30 feet of dark bluish-grey limestone, partaking in every respect of 
the cleavage, which is here in the same plane with the bedding. 
The laminze are frequently coated with films of dark grey shimmer- 
ing shale. Faint traces of crinoids and corals were noticed on the 
bedding- or cleayage-surfaces. At about 15 feet from the top of the 
section the laminz have, in places, coalesced to form even beds of 
limestone 2 or 3 inches in thickness. The dip is 8. 10° E. at 45°. 

From Wheddon Cross the features of the underlying series, the 
Hangman grits, are well shown in the range of hills of which 
Dunkery Beacon forms the highest point. 

The junction of the Morte and Ufracombe slates with the under- 
lying Hangman grits takes place near the bend in the highroad 
north of Cutcombe, where slaty beds rest upon coarse thin even- 
bedded slaty grits, resting on red and brownish, rather coarse, thick- 
bedded grits, with an occasional tendency to schistose structure, 
and dipping 8. 30° E. at from 10° to 13°. The strike changes 
slightly, but the angle of dip remains constant, in the three quarries 
by the highroad. From this point to Timberscombe, grits with 
shales intercalated prevail. A quarry by the highroad N.W. of 
Oaktrow shows a most remarkable unisynclinal curve, rough-cleaved 
greyish and reddish grits folding back upon themselves, as shown 
in the sketch (fig. 2), the cleavage beautifully converging upon the 
axis of the curve, ‘The height of the section is about ZO feet. 

By the lane leading southward to Oaktrow from the highroad 
grey and reddish slaty shales and schists are associated with reddish- 
brown grits, apparently undulating, in which a northerly dip of 7° 
was obtained. A quarry on the east side of Timberscombe exposes 
dark chocolate-brown, red, and greyish grits, in places quartzose, 
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split off by numerous irregular joints, sometimes glazed with heema- 
tite, and approximating to a slaty structure in places; bands of 
chocolate-coloured clayey shale are occasionally interstratified. The 
beds dip 8S. at 5°. 


Fig. 2.—Unisynclinal Curve in Hangman Beds, near Oaktrow. 
(Height of section 20-25 feet.) 
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From here to Dunster grits are evidenced by surface-stones, but 
no sections were observed. If the Timberscombe grits belong to the 
Foreland group (as similar beds are exposed near Porlock), a fault 
between Bickham and Withycombe must bring the Hangman and 
Foreland groups into juxtaposition, cutting out the intermediate 
Lynton beds; and this we hope to prove by the next traverse. 


From Dunster to THE Foretanp. 


As in the previous traverse no beds equivalent to the even grey 
grits and fossiliferous schists of Lynton were crossed, Mr. Etheridge 
haying clearly shown the mantling of the Hfracombe slates and 
associated limestones round the east end of the Croydon-Hill anti- 
clinal, formed of Hangman grits, and as in our traverse from Wil- 
liton to Cannington, hereafter to be described, we were unable to 
trace the Lynton division, it was of the utmost importance to account 
for its disappearance, and for the great breadth of grits occupying 
the area from Cutcombe, on the south, to North Hill, near Mine- 
head, on the north. 

The south side of Grabbist Hill consists of reddish-brown grits, 
in which no reliable dips were obtainable till we reached Slatcombe, 
near Wooton Courtney, where the beds dip N. 15° E. at from 5° to 20°. 
On the western flanks of Grabbist Hill, near Lower Knoll, hard 
reddish-brown siliceous grits with numerous irregular joints, and 
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slaty beds intercalated, dip E. at from 5° to 20°, and at Tivington 
N.E. at 30°. 

The valley between Grabbist Hill and Luckham is occupied by 
red sands, breccias, and marls of the Triassi¢ series, in part con- 
cealed by alluvia. The relations of the Triassic beds in an area in 
which they may be expected to present much local lithological 
variation, and where they would naturally attenuate, notwithstand- 
ing very high dips, throw hardly any light upon the disturbances 
affecting the older rocks; but a much more careful study of the 
latter than we were able to make would no doubt clear up much 
that is ambiguous in the relations of the Trias, and show whether 
beds of Pre-Keuper age had been deposited in the area to the west 
of Williton, as lithological similarities seem to suggest. 

From Luckham to Stoke Pero the surface is strewn with frag- 
ments of grit. At about half a mile east from Cloutsham coarse red 
and lilac quartzose grits are exposed, dipping E. 25° S. at 10°. 

In the stream between Cloutsham and Bagley siliceous grits dip 
eastward at 20°. Near Cloutsham and Brackslade no dips are ob- 
tainable; red and brown grit-stones are scattered over the surface. 
Near Stoke Pero a south-easterly dip of 23° was obtained in red 
and brown grits. The grits in this neighbourhood approach rather 
to the Hangman than the Foreland type; so that the sharp bend in 
the stream to the north of Cloutsham may be due to a dislocation 
bringing up Foreland beds to the north. 

By the road from Stoke Pero towards Bendles Barrows siliceous 
grit-stones of the Hangman type are strewn over the surface. 

On ascending the opposite slope of the valley to the west of Stoke 
Pero a thick head of brown grit-stones conceals the rock. At the 
head of a stream-gorge, at about half a mile south of Wilmotsham, 
buff slaty grit gives a surface-dip 8. 30° EK. at about 15°. By the 
road southward from Pool, where the bend is shown on the map (to 
the N.E. of Bendles Barrows), a section 5 feet deep exposes greenish 
slaty grits or thick slates, apparently vertical and striking N.E., 
terminally curved. 

Westward of Bendles Barrows, in and by the road over Lucott 
Hill, at a few chains south of the stream, grey slaty beds are inter- 
calated in red and coarse brown grits, dipping 8.W. at from 20° to 
40°. As their strike coincides in direction with that of the greenish 
slates on the other side of Bendles Barrows before mentioned, we 
have here the evidence of intercalation of slaty materials with grits 
of the Hangman series which is so well shown in the cliff-face of 
the Little Hangman Hill, on the North-Devon coast. 

On the southern slope of Lucott Hill a northerly surface-dip was 
obtained in slaty grits; at the road-junction on the hill greenish 
and red grits and slaty beds seem to dip 8. 10° W. 

From Lucott Hill (fig. 3) we struck into the East-Lynn valley at a 
point due west of the bottom of the word “Zucott” on the map, where 
we observed hard thick-bedded greyish siliceous grits of the Hangman 
series dipping southward at from 20° to 25°. Proceeding down the 
valley, at about ten chains from the above, a south-easterly dip of 


PALHOZOIC DISTRICTS OF WEST SOMERSET. 539 


35° was obtained. At about ten chains further on Hangman grits, 
containing raddled grey schistose heds, dip southward at 20°, and 
S. 20° E. at 30°, and rest in strict conformity upon the characteristic 


Fig. 3.—Section North and South through Culbone. 

N. S. 
Cul- Ash 

bone. Farm. Main Road. Lucott Hill. 


Bristol Channel. 


SeaLeicl 
3 
eH 
F. Foreland sandstone. L, Lynton beds. H. Hangman grits. 


warm-grey, evenly bedded fine grits and grey schists of the Lynton 
division, which form a low crag or ridge feature in the valley, 
dipping 8. 25° E. at 25°. At about 15 chains from this junction a 
tributary streamlet joins the East Lynn; proceeding along it, we 
observed the same even flaggy Lynton grits dipping 8. 15° E. at 20°, 
at a point about 15 chains from the main stream. 

Having thus terminated the Lynton beds in the East-Lynn valley 
by a conformable junction with the Hangman grits, we will retrace 
our steps, and, starting from Porlock to Countesbury, and then to 
Oareford, endeavour to show that the absence of the Lynton beds on 
Lucott Hill, and to the east of it, is due to a fault following the 
general trend of the East-Lynn valley. On ascending Porlock Hill 

_from Porlock, chocolate-grits, resembling those of Timberscombe (as 
before stated), with irregular schistose beds, dip E. 12° 8. at 50°, 
and N. 30° E. at 70°, the change in dip being apparently due to a 
fault. A little further on they dip N. 30° E. at from 60° to 65°. 

The evidence on Porlock Hill is confined to surface-stones till we 
come to a section about 10 chains east from the turning to West 
Porlock shown on the map, but now no longer in existence; here 
the grey, buff, and red fissile grits so characteristic of the Foreland 
group are apparently horizontal. The present road to West Porlock 
joins the main road at a point on the map where the letter W of the 
words White Stones touches it. By thisroad, near West Porlock on 
the north-west of Whitestone Park, red grits dip N. 10° W. at 55°. 
Midway between this observation and Westacot similar red grits 
(rather fine-grained) exhibited a northerly dip of 20° and a doubtful 
southerly dip of 50°, which may be along joint-surfaces. South of 
Westacot an easterly dip of 55° was furnished by greenish-grey and 
reddish fine fissile grits, in which we obtained several casts of small 
bivalves. About halfway between this section and the main road, 
on Porlock Hill, similar beds afforded a dip E. 20° 8. at 25°. 

From White Stones to Countesbury, in the adjoining map (sheet 
27), no pits deep enough to afford reliable dips were observed from 
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the highroad; the surface-stones everywhere consist of red, buff, 
brownish, whitish, greenish, or grey fissile or flaggy fine-grained 
grits, generally of sombre tints. 

By the road from Porlock and Oare Hills to Oareford grey and 
purplish or red fine-grained flaggy grits are evidenced by numerous 
surface-stones. Ata bend in the road, not shown in the map, just 
above the East Lynn Valley, dark grey and red fine-grained grits 
and schistose beds of the Foreland group exhibit contrary dips of 
about W. 10° 8S. and 8. 20° E., at angles apparently conforming to 
the slope of the hill. In the valley below the above observation, 
dark grey Lynton grits, even-bedded and evenly jointed, with occa- 
sional grey schistose intercalations, are exposed by the Hast Lynn, 
and in little hills or crags of a somewhat conical shape, which are 
so characteristic of the Lynton grits, and, as before stated, occur near 
their junction with the Hangman group in this valley. By the 
stream and in the crags the Lynton beds dip 8.E. and E.S.E., gene- 
rally at an angle of 55°. At Oareford houses grey schists strike S. 20° 
W.., apparently dipping E. 20°S. at from 30° to 50°. Near Withy- 
combe Farm purplish-grey Lynton grits strike in a north-easterly 
direction. North of Withycombe Farm bluish schistose grits dip 
K. 40° 8. at 40°. 

At about half a mile north of Withycombe Farm (fig. 4) the cha- 
racter of the ground alters, being marshy and much lower about Oare. 
This change is due to a great fault crossing the Oareford road below 
the contrary dips (exhibited by the Foreland grits, as before stated), 
and probably continuing along the valley to the north of Cloutsham, 
and thence by Bickham to Withycombe. Continuing this line west- 
ward to the coast at a point north of the camp (between Countes- 
bury and Lynmouth), where evidences of fault are conspicuous in 
the cliffs, we find that it separates Foreland grits on the north from 
Lynton beds (with tolerably steady southerly dip) on the south, the 
straight boundary line between the divisions being apparently only 
broken in two places by fringing masses of Lynton beds thrust up 
with the Foreland grits on which they rest—viz. for more than a 
mile near Combe Farm (sheet 27), and eastward of Oare. The 
conformable superposition of the Lynton beds on the Foreland 
group is best seen near Oare. By the farmyard on the north bank 
of the East Lynn at Oare, hard lilac, buff, and grey fine-grained 
grits with reddish markings, and jointed in all directions, are 
exposed in a quarry, and dip 8.E. at 30°. From this quarry north- 
ward to the highroad, by the gully which usurps the place of the 
path shown on the map, Foreland grits are evidenced by a thick head 
of characteristic stones. 

At about five chains eastward of the farmhouse fine-grained 
grey even-bedded Lynton grits and grey schists dip S.E. at 40° by 
the stream, and are shown further on preserving the same direction 
of dip at increasing angles. This upcast mass of Lynton beds makes 
a marked feature at its junction with the Foreland grits on which 
it rests, forming a steep ridge that trends N.E. to about ten chains 
from the main road, whence the boundary deflects with a minor fea- 
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ture along the slope of Oare Hill to the fault which cuts it off some- 
where near the road to Oareford. 

From the foregoing evidences we have no hesitation in saying 
that the absence of the Lynton beds from Lucott Hill eastward is 
due to a great fault which extends from the point whence the coast 
deflects N.N.E. to the Foreland, following the East-Lynn valley 
(but cutting across the bends in the stream) as far as Oareford, 
whence skirting the north of Lucott Hill it appears to pass by 
Cloutsham Ball (name not on the map), and probably runs through 
Bickham tv Withycombe on the north of Croydon Hill. This fault 
appears to be Pre-Triassic ; but of this we cannot be certain without 
carefully examining the Triassic districts of Luckham, Wooton 
Courtney, and Withycombe. 

Mr. Etheridge advocates the existence of a fault from the Fore- 
land to Minehead*, and also suggests that the lowest beds are 
obscured by ‘“‘an extensive fault affectiug the Foreland Sand- 
stones” ‘+. The correctness of the latter suggestion we have 
endeavoured to prove; but we confine the anticlinal structure (also 
said to obscure the relations of the beds) to the higher ground com- 
posed of Foreland grits between Countesbury and Porlock, as we 
have failed to detect any signs of such structure in the Hast-Lynn 
valley. Of the fault between the Foreland and Minehead we could 
obtain no direct evidence in the limited area gone over, but, judging 
from slight indications, think the existence of such a fault, ob- 
scuring the relations of the grits of the Foreland group inter se, by 
no means improbable. 


Tur Torre VaLtey (fig. 5). 


The village of Ashbrittle is situated on dark bluish slates or 
thick shaly beds of the Coddon-Hill type, and exhibiting its cha- 
racteristic features in adjacent hill-summits to the west of the 
village. The Culm beds are exposed near Trace bridge, dipping 
S.E. at 45°. 

Whatever cleavage may at times be developed in the argillaceous 
parts of this upper series of Devon and Cornwall, it here at least 
coincides with the bedding. A line south of Coalman’s Mill, passing 
between Chequeridge and Pitt Farms, divides the Culm-shales 
(which near Pitt Farm are nearly horizontal) from the lght-grey 
slates of the Pilton series. Near Coalman’s Mill Spirifera Uri 
occurred in bluish-grey slates which dip S.E. At Stawley the 
strike has altered, giving a S.S.W. and S8.W. dip; and north of 
Stawley Parsonage, between that and Hagley Bridge, a marked 
feature is caused by reddish, greyish, and greenish grits and slaty 
beds: occasional red-brown sandy seams suggested a decomposed 
limestone. 

These beds were noticed by De la Beche (Geol. Report, Cornwall, 
Devon, &c., pp. 53 and 104) ; they contain many fossils (Spirifvra 
disjuncta, Streptorhynchus, a Pilton Crinoid, &c.). Mr. Hall com- 


* Quart. Journ. Geol. Soc. vol. xxiii. p. 595. T Ibid. p. 694. 
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pares this local development of grit in the Pilton series with 
similar fossiliferous grits near Braunton. The beds dip 8.8.W. and 
S.W. at from 32° to 34°, and at Kittisford Barton 8. at 37°. 

Northward from Hagley Bridge the Pilton beds are represented 
by slates in which grits were observed in the lane north of Surridge, 
dipping from 8.E. to S. at from 40° to 60°. Whether this change in 
strike may be natural or the effect of a fault bounding the northern 
slopes of Stawley Parsonage hill, we must, without further in- 
vestigation, leave as conjectural. 

In the railway-cutting to the west of Pouch Bridge rather dark 
grey slates, tough grey grits, and films of limestone dip 8. 20° E. at 
43°. They embrace some brown arenaceous beds, due, as Mr. Hall 
thinks, to decomposition of limestone. Mr. Hall found Pilton fossils 
in these beds. 

In the cuttings east of Pouch Bridge slates are exposed changing 
abruptly from dark bluish-grey to light grey. Blue-black slates 
have been turned out of the tunnel near Hellings, and.yielded 
(so-called) Petraia celtica. The occurrence of similar beds at Venn- 
Cross station, where they contain Septaria, induced us to think that 
a strip of Culm-measures had been brought down by an E. and W. 
fault ; but as the Pilton beds are often dark-coloured, we have 
abandoned this idea. In the lane north of Pouch-Bridge viaduct 
light-grey argillaceous slates dipping southward contain Petraa 
celtica &e. 

Pilton slates with unreliable surface-dips are visible as far north as 
Rockhouse Inn, where a large quarry, by the turning to Bibor’s Hill, 
exposes dark-grey raddled grits and slaty beds, containing Pilton 
fossils, and occasionally brown seams (decomposed limestones) with 
organic remains. The beds dip from 8. 15° H. to 8.E. at angles 
of from 65° to 75°. 

On the southern slope of Bibor’s Hill very hard irregularly 
jointed grey grits and slaty beds dip N. 30° W. at 55°, thus 
proving the structure to be a natural or faulted anticlinal. From 
their breadth of outcrop in this district the components of the 
Pilton beds appear to be repeated both by fault and flexure; and 
from lithological similarity, we are inclined to regard the Bibor’s- 
Hill beds as a repetition of those on Stawley Parsonage hill, pro- 
bably by a fault running in an easterly and westerly direction, not 
far north of Pouch-Bridge viaduct. .As the Bibor’s-Hill beds do not 
appear to outcrop north of Iron Hill, the grey slates which continue 
thence to the farmhouses south of Wadding were probably dis- 
located by the continuation of a fault shown in the railway-cutting 
(north of Bathealton), where it throws down Trias on the south. 
This view is strengthened by contrary dips, 8.S.E. at 60° and 
N. 15° W. at 60°, respectively obtained on the hill-slope and by 
the lane to Chipstable (to the east of Trow-Hill Farm). 

In a small section at the farm, south of Wadding, Mr. Hall fixed 
the junction between the grey Pilton slates with limestone bands 
and the olive slates, which in this district form the upper part of 
the Baggy beds. The beds dip 8. 15° H. at 70°, In these greenish 

Q. J.G.8. No, 139. 2P 
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slates Mr. Hall obtained a Lingula. An even conformable junction 
trending W. 20°8. and E. 20° N. separates them from lilac and 
reddish grits and slaty beds shown in a quarry a few chains north 
of Wadding Farm, dipping S. 15° E. at 35°. Mr. Hall identified 
these beds as Cucullea-grits ; lithologically we should have been 
unable to distinguish them from the Pickwell grits and slaty beds, 
upon which they rest conformably, forming a narrow zone about 
twelve chains in width along the southern flanks of the Pickwell 
range, and scarcely distinguishable by feature. In this zone, 8. of 
Challich Farm, south-easterly dips of 50° to 55° were obtained, and 
casts of Cucullea were found by Mr. Hall. 

In the Tone valley, at a few chains north of the Cucullwa-zone, 
a dip 8. 15° E. at 50° was obtained in Pickwell beds; thence to 
Washbattle Mills the characteristic features and vegetation of the 
Pickwell series, constituting the high land of Heydon and Main 
Downs, are unmistakable; but the exposures of rock were too 
slight to afford reliable dips. A fault with a southerly downthrow, 
of which evidence has been obtained near Wiveliscombe, may cross 
the Tone valley near Challich Farm. 

On emerging from the narrow river-gorge (of the Tone) which 
intersects the Pickwellian range, we have the clearest evidence of 
perfect conformity between this series and the underlying Morte 
slates at Washbattle Mills, by a slight deflection of the junction in 
accordance with the physical features, a character distinctly ex- 
hibited in its prolongation westwards. There are no conglomerates 
to be seen, nor any thing to indicate a lapse of time between these 
two subdivisions in North Devon or West Somerset. 

Morte slates are shown immediately above the junction on the 
road to Huish Champflower. The boundary follows the road from 
the Mill eastward to Higher Raddon, and is concealed by Triassic 
rocks near Langley. Along this line the character of the grits * is 
exhibited in three small quarries on the northern slope of Main 
Down and at Higher Raddon, where the beds show 3.S.-easterly dips 
of from 35° to 45°, 

Following the boundary of the Trias and the Morte slates, the 
character of the latter is well shown in Oakhampton House slate- 
quarries, where the characteristic grey slates are somewhat raddled 
in places, the cleavage and bedding being apparently coincident, 
and dipping 8. 15°-20° E. at 70°: by the highroad to Pitsford Hill 
the same southerly dip has been noticed. We did not continue this 
traverse into sheet 20, but obtained good evidence of the undulations 
in the greenish quartz-veined slates of the Morte series which are 
shown in the accompanying section (fig. 5). 


Across THE Quantocks To Cannineron Park. 


At Staple Hill foot, near West Quantocks Head, the boundary of 
the older rocks is sharply defined. Purplish grits in broken con- 
dition are seen at the cottages; and on reaching the open ground a 


* Lilac, red, and purplish-grey grits and slaty beds. 
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quarry exposes red-brown and lilac grits and splintery shales, 
which dip N. 15° W. at 25°, and are much cut up with irregular 
joints. The spot is about a quarter of a mile due south of West 
Quantocks Head. 

To the south of the above, in the gully east of Weacombe, a 
quarry is opened in similar grits, fine-grained, and partly greenish, 
dipping N. 35° W. at 20°° A quarter of a mile further up the 
- valley grits with schistose intercalations dip N. 10° W. at from 40° 
to 50°. From here across the summit of the range the surface- 
stones (the only evidence obtainable) are generally of coarse sili- 
ceous grit, reminding one of the upper beds of the Great Hang- 
man *; but where the paths to Hutsham and Holford divide, the 
rock shown in the path is im situ, and apparently horizontal. 

At the foot of the hills at Holford is a large quarry of grits and 
clay shale, which dip N.E. at angles varying from 15° to 30°. The 
beds in the upper part are thin quartzose red-speckled grey grits, 
associated with greenish-grey shale, and resting irregularly upon a 
boss of similar grit (fig. 6), thick-bedded, into which the shales dove- 


Fig. 6.—Boss of Grit in Shales with thin-bedded Grits, Holford 
Quarry. (Vertical scale, 1 in. = 40 feet.) 


tail in one or two places, showing a lenticular character in the beds. 
At a bend in the highroad, just south of Holford, quartzose grits, 
with some even-bedded finer-grained beds and redder in tint, show 
dips changing from E. 30° N. at 40° to EK. at 25°. From Holford, 
following the turnpike road to Nether Stowey, a quarry by Sherwage 
Wood shows red-brown grits, with general dip N. 30° E. at 10°. 
At turning to Doddington, Triassic rocks cross the road; at turn to 
Perry Mill Farm, reddish grits and shales dip E. 35° N. at 40°. 

From Nether Stowey to Cannington and Bridgewater the Palso- 
zoic rocks occur as inliers only, here and there amidst the Triassic 
sediments. Of these we haye only occasion to refer to that of 
Radlet Farm on the south of the road, and those of Ashford Mill 
and Cannington on the north. ‘The inlier at Radlet consists of fine 
reddish grits and shales. Padnoller beds are similar grits and 
shales, affected by an east and west fault, which bounds the last- 
mentioned inlier on the north. 

Immediately to the north of Cannington an K. and W. ridge, two 
miles long, consists of purplish-grey arenaceous mudstones, finely 


* See Symonds’s ‘ Records of the Rocks,’ p. ae 
P2 
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micaceous and sectile. In the roads north from Canningtun to 
Cannington Park the surface-dip seems to be southward, with 
undulations. An exposure in an adjacent field showed red-brown 
shales with occasional greenish mottling, under red Triassic sand, 
near the northern margin of the patch. With the conditions 
under which these inliers present themselves there is such a con- 
stant chance of raddling from Trias, that the colours of these soft 
arenaceous mudstones cannot be considered of much value, and 
they may be of almost any age, from the Culm-measures down- 
wards. 

Their relations with the Cannington-Park limestones are ob- 
secured by Triassic sands occupying the valley between the inliers. 
Large E. and W. faults prevail in the Bridgewater area, notably 
one on the south of Fiddington, with downthrow on the south‘ 
and this, if continuous, would make the Cannington inlier above 
the limestone; but the frequency of these Post-Triassic dis- 
turbances along E. and W. lines would justify a belief in pre- 
cedent lines of fracture in similar directions concealed by the 
Trias ; so that in the absence of any evidence of relations between 
the Cannington and Cannington-Park inlers, it seems not un- 
reasonable to regard their junction as a pre-Triassic fault, probably 
of great magnitude. 

The limestone is well bedded, and intersected by numerous 
irregular joints. As far as evidence goes, the dips in the quarry by 
the road on the south side of the park would make the strike of the 
limestone at right angles to the trend of the adjacent inlier, 2. ¢. the 
reverse of what would happen were their relations normal. On 
the N.W. side of the quarry the dips range from W. 42° 8. at 
20° to 8. 25° W. at 25°; and on the N.E. face the beds dip E. 30° S. 
at 40°. A similar change of dip is observable on the south side of 
the quarry. In the 8.W. corner, near the entrance, the beds dip W. 
at 70°, and W. 15° S. at 55°, whilst on the S.H. a dip E. 20° N. at 
38° is observable, also 8. 42° H. at 20°. The beds therefore form 
an anticline, the axis of which trends in a N. and S. direction. In 
one part of the southern face two fissures filled with Triassic sand 
were observed. 

he limestone is of light grey and dove-coloured tints, intersected 
by pinkish veins and strings of calcite. Much is of oolitic struc- 
ture, identical with that of the Mountain Limestone at Clifton, and 
also on Broadfield Down, near Yatton. We have never seen oolitic 
structure in any of the South-Devon limestones. Traces of crinoidal 
stems and corals we observed on the spot, but nothing that could be 
identified. 

In the Taunton Museum we were shown the following specimens: 
—(1) Productus, of small size, apparently P. cora, as it has the 
wrinkled ears and delicate rounded strive of that species, labelled 
“J.H. Payne, Cannington Park Limestone, October 24th, 1851; ” 
(2) Lithostrotion, two fine polished specimens of a ceespitose form, 
apparently Z. Martini; (3) Lithostrotion basaliiforme; the Corals 
from the Baker Collection. (With regard to No. 3, the identification 
is open to question.) 


— 


W 
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The Cannington-Park limestone we should unquestionably con- 
sider Carboniferous Limestone *. The South-Devon limestones most 
resembling it are the great mass north of Dainton Tunnel, traversed 
by the Great Western Railway, the Connator-Hill limestone adjoin- 
ing the Totnes and Newton turnpike road, as well as that of Barton, 
near Torquay. ‘These are all light-coloured, partially dolomitized 
(the first two scarcely fossiliferous), and with bedding undistinguish- 
able; hence their resemblance cannot be called intimate. 

The bedded and usually dark-coloured limestones at Daddyhole 
Plain, near Torquay, at West Ogwell and Bradley, at Dartington, 
and other localities too numerous to mention, have, neither in 
fossils nor lithologically, the slightest resemblance to the Cannington 
rock; but they have, on the contrary, a decided similarity, which 
amounts at times to identity, to the limestones of Asholt. 

On recrossing the Quantocks to Bishops-Lydeard, we observed on 
Asholt Common a quarry of uneven dark bluish-grey limestone, 
often shelvy, of a character met with so constantly in South 
Devon. This seems to overlie red-brown grits, dipping 8. 20° EH. 
at from 40° to 60° on the north of Asholt Common. Behind Lower- 
Asholt schoolhouse the character of the Devonian limestone de- 
veloped in a horseshoe form, with Merridge as the centre of the 
curve, is shown at its western extremity to consist of reddish and 
bluish ‘ shelvy’ limestone, full of calcite, and intersected by a small 
fault. These we agree with previous writers (especially Sir H. 
De la Beche and Mr. Etheridge) in referring to the Ilfracombo 
series, of which the southern part of the Quantocks appears 
to consist. 

Another very strong reason for the identification of the Can- 
nington-Park limestone with the Carboniferous Limestone of the 
Mendips, of which we think it forms the southern margin (the con- 
nexion being concealed by intervening Secondary rocks), is the 
entire absence of shaly structure or associated detrital matter, 
which are so often characteristic features in the Devonian lime- 
stones. 

In conclusion, we have to express our thanks to Mr. Hall for 
the kind assistance he has rendered in the particulars in connexion 
with which his name has been associated in this paper. 


* This view is confirmed by Mr. Tawney in an exhaustive paper on the 
subject (Proc. Brist. Nat. Soe. vol. i. part 3, p. 880), in which he mentions his 
discovery in situ of Lithostrotion irrequlare and crushed shells, perhaps Tere- 
bulata hastata, or possibly Athyris, also a small Productus elegans, or young 
P. punctatus, and part of a stem of Actinocrinus, obtained by Mr. Winwood. He 
coincides in Mr. S. G. Perceval’s opinion that the limestone is undoubtedly 
Upper Carboniferous Limestone, and mentions that gentleman’s determination 
of the fossils presented to the Taunton Museum by Mr. Baker—Lithostrotion 
Martini, L. irregulare, L. aranea, Clisiophyllum turbinatum, Syringopora ramu- 
losa. He also considers that from this identification of its age “ it follows that it 
is totally disconnected with the Quantock series seen a few hundred yards off.” 
In this unqualified opinion we cannot agree, as it is by no means certain that 
the adjaceat Palseozoie inliers belong to the Quantock series. 

Mr. Tawney noticed the anticlinal structure we have described, and says, 
“ The fault spoken of by Sir H. De la Beche must certainly exist.” 
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Discussion. 


Prof. SreLEy said he had examined the district some years since, 
rather carefully, and wished to ask Mr. Ussher a few questions. 
He himself thought he had made out the sequence and mineral 
structure of the beds, as he did not think the distinctions already 
established could be always identified; he also demurred to the 
faults mentioned by the authors. Fossils are rare in many parts of 
the series. He wished therefore to know on what authority the 
authors had made their divisions. 

Mr. Wixwoop said he knew the country, and had found many 
fossils in places where Prof. Seeley said he had not found them. He 
described various localities and the results of his examination. 

Mr. Ussurr stated that he had traced the subdivisions, both by 
feature and by lithological character, over an area exceeding 300 
square miles, and that the faults were well founded. 
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42. Conrrisutions to the Knowledge of Fosstz Crustacka. By Henry 
Woopwarp, Esq., LL.D., F.R.S., F.G.8., of the British Museum. 
(Read May 28, 1879.) 


[Puatr XXVI.] 


I. On a fossil Squilla from the London Clay of Highgate—part of the 
“* Wetherell Collection” in the British Museum. (Plate XXVI. 
fies) 


The Stomapoda (as restricted by Prof. Huxley, and) represented 
at the present day by Squwilla, Pseudosquilla, Gonodactylus, and 
Coronis, are not only interesting from the fact that they differ 
widely in many important points of structure from all other Crus- 
tacea; but, from their extensive distribution over the seas of the 
globe, they bear evidence of high antiquity, and justly challenge the 
attention of the paleontologist. 

Two causes, however, may probably assist in explaining the rare 
occurrence of Squilla in a fossil state :—first, the thinness of its 
test, which would render it less likely to be preserved ; and, secondly, 
the fact that Squilla lives in, comparatively speaking, deep water, 
and prefers clear water undisturbed by sedimentary deposits. 

Fossil Squille have been described by Minster, in 1839, from the 
lithographic stone of Solenhofen, Bavaria, under the name of Sculda 
pennata (Beitrage, vol. ii. t. 4. fig. 4), and by the same author from 
the Eocene of Monte Bolca, near Verona, Italy, under the name of 
Squilla antiqua (Beitrage, vol. v. t. 9. f. 11). 

The British Museum possesses very perfect specimens of Squzlla 
from the lithographic stone of Solenhofen (part of the late Dr. 
Hiberlein’s collection, see Plate XXVI. fig. 5); but I have not 
seen the fossil Squilla from Monte Bolca, and, although the figure 
given by Minster is sufficient to pzove it to be a veritable Squilla, 
it is of no yalue for the purpose of critical comparison. 

The specimen about to be described, although merely a portion of 
an abdomen, is so characteristic of the genus Squilla that it deserves 
to be recorded in our list of British fossil Crustacea. 

To Prof. Wood-Mason is due to the credit of noticing the generic 
characters of this fossil, in a hasty survey of the “ Wetherell Collec- 
tion” some time since: it may appropriately be noticed now together 
with other fossil Squille of still older date. 

The fossil, which is preserved (as is usual with organic remains in 
the London Clay) in a phosphatic nodule of unequal hardness, has 
only in part been developed with success, and exhibits five well- 
preserved segments (xrtv—xvim1), a portion of the carapace, traces of 
the thoracic appendages, and those of the xxth segment preceding the 
telson. 

It presents the same glossy-black enamelled surface character- 
istic of Macruran-Decapod remains from the London Clay. 
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With the exception of the small anterior thoracic one (xtv), 
each abdominal segment (xv—xvm1), has a single oblong punctum on 
either side near the lateral margin of the tergum; and each of the 
three most posterior somites (xvi—xvui1), bears two small subcentral 
puncta on its anterior border, whilst the two hindmost rings (xv 
& xvut) have each a single central punctum on its posterior border. 
The epimeral portion of each somite is separated from its tergal 
portion by a well-defined and prominent ridge running parallel to 
the lateral border, which is truncated and marked by a second ridge 
on its margin, the latero-posterior angle of each segment being 
produced backwards into a small acute tooth. As is characteristic 
of the modern Squille, the abdominal segments of this fossil form 
increase in breadth from the thorax backwards, the xvth measuring 
27 millims. over the tergum, and the xvimth measuring 34 millims, 
The length of the segments is as follows ;— 

xivth (thoracic) 4 millims. long. 

xvth (abdominal) 6 __,, 
xvith 29 8 ey) 9 
xvith ze OF 
XeVEE ae 8 


rr) 


39 39 
The estimated length of the three remaining segments may be 
arrived at pretty correctly by measuring from the hinder border 
of the xvrmth somite to the margin of the telson, or xxist somite, 
which is indicated upon the nodule by a line of projecting spines 
marking its posterior border. 
Estimated length of xrxth (abdominal) segment 8 millims. 
99 23 xxth 99 99 10 9? 
x a xxist % on telsonul7 ia; 


A comparison of our fossil with various recent species has been 
made. It differs from Pseudosquilla Lessoni in that the segments in 
the latter are quite smooth and there are no lateral ridges or puncta. 

In Gonodactylus chiragra and in Gt. cultrifer the body-segments 
are also smooth, without ridges. 

In Squilla mantis there are two dorsal ridges and two epimeral 
ridges on each somite. 

In the British Squilla Desmarestii (Pl. XXVI. fig. 2) there are no 
dorsal ridges, but there are two epimeral ridges on each somite. 

In a recent Squilla brought home by J. Beete Jukes (when natu- 
ralist on board H.M.S. ‘Fly’ in 1842-3-4) from Australia, nearly 
allied to S. Desmarestii, but not namedt, the dorsal ridges are also 
absent ; and there are only two lateral ridges on the epimera. In 
this species then, so widely distributed, we find the nearest living 
ally to our London-Clay fossil. 

I would propose for this new Eocene form the name of Squilla 


* The margin of this segment is slightly imperfect ; it may therefore perhaps 
have been deeper. 

+ I am indebted to my colleague Dr. A. Giinther, I.R.S., Keeper of the Zoo- 
logical Department, for kindly giving me facility for examining and comparing 
this fossil with the fine series of recent specimens in the Museum. 
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’ Wetherelli, in memory of my old friend Mr. N. T. Wetherell, F.G.S., 


of Highgate, to whose care and assiduity in collecting and preserving 
the fossil remains of this formation we are indebted for our know- 
ledge of this new Crustacean, 


II. On Necroscilla Wilsoni, a supposed Stomapod Crustacean, from 
the Middle Coal-Measures, Cossall, near Ilkeston. (Plate XXVI. 
fig. 3.) 


I am indebted to Mr, Edward Wilson, F.G.S., of Nottingham, for 
the opportunity of examining this new and very interesting fossil. 
It is preserved in a nodule of clay-ironstone, similar to those which 
haye yielded such beautiful fossils in the Shropshire and Stafford- 
shire coalfields, and from one of which Mr, Wilson obtained (in 
1876) the chelate palpus and five abdominal somites of a Scorpion 
(see Quart. Journ. Geol. Soc. vol. xxxu. pl. viii. figs. 2 & 3, p. 58). 
Although the specimen is only a portion of a Crustacean, consisting 
of the five posterior abdominal somites and the “ telson ” or termi- 
nal segment, yet, from the form of the latter and the presence of 
appendages to the penultimate somite, I venture to think it deserv- 
ing of description. 

The length of the specimen is 21 millimetres, and the breadth of 
the somites 9 mm.; breadth of caudal portion with lateral appendages 
113 mm. Save for a number of minute fractures of the surface of 
the fossil (giving to it what connoisseurs of old china would term a 
‘* crackled ” surface), the specimen is without ornamentation. The 
somites are quadrate; their postero-lateral angles are slightly pro- 
duced ; the fifth somite, or that immediately preceding the telson, has 
its latero-posterior angles emarginate to give insertion to the paired 
appendages on either side. The outer limb (or exopodite) consists 
of three joints :—a short, somewhat triangular, basal or proximal 
joint, 3 millims. long by 2 millims. broad; an oblong median joint, 
4 millims. long by 2 millims. broad; and a semicircular terminal 
palette, 2 millims. long by 2 millims. broad at its straight proximal 
margin, 

The inner appendage (or epipodite) is a much more slender 
appendage than that outside the proximal joint to which it is 
articulated ; it is perhaps composed of two joints. 

The telson measures 6 millims. in breadth at its anterior border, 
where it unites with the penultimate segment; the sides converge 
towards the posterior margin, where it is 4 millims. broad. The 
hind border is produced on the median line into a small blunt pro- 
minence, or tooth, on either side of which it is roundly emarginated, 
to give insertion to two small hastiform spines, which are articu- 
lated to the margin of the telson. ‘Two other fixed spines ornament 
the lateral border of the telson on the outer side of the two movable 
ones. 

I know of only one Coal-measure crustacean which might possibly 
be related to the fossil under consideration : it is the Diplostylus 
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Dawsoni of Salter, from the Coal-measures of Nova Scotia (see Quart. 
Journ. Geol. Soc. 1863, vol. xix. p. 77). This little Crustacean is 
known, like our specimen, only by the five posterior rings and the 
telson. There are no appendages to the penultimate somite; and 
there are four small movable obovate palettes attached to the latero- 
posterior border of the telson, which has three serrations on the 
mesial line. 

Mr. Salter refers Diplostylus to the Amphipoda, comparing it with 
the Hyperina; but the two small obovate palettes attached to the 
border of the shield-shaped telson of: Diplostylus, which are little 
more than movable spines, do not appear to me to correspond with 
the jointed abdominal appendages of the posterior somites of Hy- 
perina. 

In the specimen now under consideration the pair of natatory 
appendages arise from the somite immediately preceding the telson ; 
and in this respect they agree with the posterior pair of swimming- 
feet in Squilla and many of the Isopoda. 

Comparing our fossil with the recent genus Pseudosquilla, we 
observe that in both there are a pair of small movable spines 
attached to the posterior border of the telson. 

But the outer swimming-appendage of the penultimate somite 
has not the spinose border to its second joint—a very constant 
character in all the modern Squille, with the single exception of the 
genus Coronis, in which the segments of the body are also destitute 
of ridges. 

As we know so little, however, at present, of this Carboniferous 
Crustacean, I think it is prudent to avoid speaking with too much 
assurance as to its zoological affinities, although I incline to regard 
it as nearer to the Stomapoda than to the Isopoda. 

It is highly probable also that Dr. Dawson’s Diplostylus may 
have been related to this Crustacean ; but as it does not appear that 
D. Dawsoni possessed appendages to the penultimate body-segment, 
whereas our specimen has a pair of well-developed bifid swimming- 
feet, we cannot refer them to the same genus. I propose, then, to 
name this fossil crustacean Necroscilla Wilsoni, believing that by 
recording its discovery further elucidation of this old form will 


result. 


III. On the Discovery of a fossil Squilla in the Cretaceous Depostts 
of Hakel, in the Lebanon, Syria. (Plate XXVI. fig. 4.) 


For a knowledge of this and other new and interesting forms of 
Cretaceous Crustacea from the Lebanon I am indebted to the labours 
of the Rey. E. R. Lewis, M.A., F.G.S., Professor in the Syrian Pro- 
testant College, Beirit. 

The fossils from these Cretaceous rocks of the Lebanon are ob- 
tained from two localities, Hakel and Sahel-Alma. Of these Hakel 
is the oldest known locality, though it has been rarely visited. The 
only geologists who have actually visited it of late years are M. 
Humbert, Prof. Lewis, Dr. Oscar Fraas, and the Hon. Robert Mar- 
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sham. M. Humbert and Prof. Lewis have alone given any account 
of the locality. Prof. Lewis says :—“* Hakel can be reached in one 
hard day from Beirit. By following the sea-coast to Jebail (the 
ancient Byblus), a small seaport town between Beirtit and Tripoli, 
then striking N.E. (over the débris of old and ruined temples and 
towers, which once covered the locality) towards Amshit ; leaving 
it on the left and turning nearly east, we follow the windings of a 
ridge which looks abruptly down upon deep valleys on either side. 
After four hours hard travelling from Jebail, Hakel is reached.” 
Prof. Lewis estimates the height of Hakel at 800 to 1000 feet only*, 
and its distance from the sea in a straight line at about six miles ; 
but the road is very difficult and the travelling execrable. Passing 
through the village on the right of the stream (which in winter is 
a torrent), we must follow the valley to its head in order to reach 
the celebrated Fish-quarries. About a mile up, the sides of the 
valley approach each other, and the valley becomes choked with 
masses of rock which have fallen from the precipitous sides. The 
strata on the left as we ascend are regularly superposed, a fine 
section cut by the stream being exposed to view. On the right the 
strata present only a confused mass of débris. Ascending still 
higher over the fallen masses, we find the strata beneath our feet 
are steeply inclined. ‘The valley here expands into a large amphi- 
theatre, narrowed below and above, but widening in the middle. 

The strata far above our heads correspond with those on the op- 
posite side of the valley; but below they lie at so great an inclina- 
tion that it is difficult to walk upon them. This slope of the strata 
extends from high up in the hill-side far down into the valley, and 
has, M. Humbert thinks, occasioned landslips, and is itself the cause 
of the steep inclination of the lower strata, as where undisturbed 
they lie horizontally. 

He points out that the valley of Hakel is one of erosion, and that 
there is evidence on its northern side of the different levels at which 
the old stream has flowed. Harder and more resisting strata pro- 
ject from the cliff at various heights, and alternate with softer beds, 
which being more easily disintegrated have been deeply eroded. This 
process of destruction going on for centuries fully explains the vast 
mass of débris filling the lower portion of the valleyv. 

The surface of most of the slabs in this quarry exhibit upon their 
bedding-planes and laminze numbers of specimens of Clupea brevis- 
sima, Clupea Botte, fragments of Hurypholis Boissiert, and nume- 
rous other fishes, together with remains of Crustacea, many of which 
are new to science. 

The neat little Stomapod under notice (Pl. XXVI. fig. 4) mea- 
sures 40 millimetres in length, and is preserved on the surface of 
a slab of compact, fine-grained, cream-coloured limestone, on the 


* M. Botta says of Hakel:—‘This place is situated in a deep valley at a 
great height above the sea; for one has to ascend for six hours to reach it, and 
the clouds traverse it,” 

+ Abstract of paper on the Fossil-Fish Localities of the Lebanon, by the 
Rey. Prof. Lewis, M.A., F.G.8., Geol. Mag. 1878, p. 214. 
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thin slabs of which such rich and varied fish-remains have been 
discovered. 

The fossil lies upon its left side, and exhibits the cephalic shield, 
with the eyes, antennules, antennee, and the great recurved mono- 
dactylous maxillipeds, m, m (one of which is displaced and les on the 
opposite side). The thoracic and abdominal somites are much com- | 
pressed. Only a trace of the thoracic limbs is seen. None of the 
other paired appendages are preserved until the twentieth pair, which 
have the characteristic form and serrated outer border(s) to the pe- 
nultimate joint peculiar to modern Squilla. The terminal palette 
of this swimming-foot is lost (as is also the case with the specimens 
from Solenhofen) ; but this is, no doubt, due to the weakness of its 
articulation to the penultimate joint. 

The telson was ornamented with a spinose border ; but it is not 
sufficiently well preserved to be described in detail. The segments 
of the abdomen are smooth, and nearly of equal size, the posterior 
ones being the broadest. 

The borders of the epimera are without spines, and quadrate in 
form. The segments are smooth, not being divided by epimeral or 
tergal ridges as in the modern Squwilla, in this respect resembling 
Coronis and Gonodactylus; yet the presence of the great toothed 
second pair of maxillipeds certainly affines it to Squilla rather than 
to one of the allied genera. Like the Kocene form from the London 
Clay, it is probably nearly related to the widely-distributed S. 
Desmarestit. 

In point of size this Cretaceous form agrees closely with the spe- 
cles described from Solenhofen (see Pl. XXVI. fig. 5); but the 
segments of the Jurassic form are all highly ornamented with spines 
and costa, whereas the later Cretaceous form is destitute of orna- 
mentation on the segments. 


Dimensions of Cretaceous Squilla. 


Length. Breadth. 
millim. millim. 
Warapaceter cent eae 8 6 
4 thoracic somites ...... 6 6 
6 abdominal somites...... 19 a 
Telson or 21st somite .... 7 x * 
Amibenmcet cc tit nee te ass 7 


I dedicate this interesting specimen to Prof. EK. R. Lewis, F.G.5., 
the discoverer, naming it Squilla Lewisu. 


IV. On the Occurrence of a Fossil King-crab (Limulus syriacus) tn the 
Cretaceous Formation of the Lebanon. (Plate XXYVI. fig. 6.) 


The proposition that if any animal be found, both in a living state 
and also fossil in some early formation, it may justly be con- 
cluded that it has survived during the period represented by the 
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deposition of all the intermediate formations, from the time of its 
first appearance to the present day, has met with such frequent 
confirmation, that it may now be considered an axiom of palaon- 
tology. 

The discovery of Limulus in the Cretaceous formation long sub- 
sequent to its early determination from the older Solenhofen Lime- 
stone, affords another illustration of the truth of this proposition. 

So long ago as 1838, Prof. J. van der Hoeven published his 
memoir (‘ Recherches sur )Histoire Naturelle et l’Anatomie des 
Limules,’ Leyden, 4to, 1838, pp. 1-48, 7 plates), in which, in addi- 
tion to a very excellent anatomical description of modern Limulus, 
which he separates into four species, he gives descriptions of six 
species which occur fossil in the Lithographic stone (Upper White 
Jura) of Solenhofen, Bavaria. 

From our present knowledge of modern Limulus, both on the 
eastern coast of North America and in the seas of China and Japan, 
where it occurs in great abundance, it seems highly improbable 
that six species would really be found in so limited a spot as Solen- 
hofen in Bayaria. Probably not more than two species occur living 
at the present day. 

One of these, Limulus polyphemus, alone occupies the eastern 
seaboard of North America, from New England to the shores of the 
Gulf of Mexico, and is numerically in the greatest abundance. 
The other, Limulus longispina or L. moluccanus, occupies a part of 
the eastern seaboard of China, and is found around the Japanese 
and Moluccan Islands, covering even a wider area than its American 
contemporary. 

The species now discovered by Prof. Lewis in the Cretaceous 
rocks of Hakel, fills a hiatus long felt, and serves to bring nearer 
the Oolitic Zimule and the existing forms of King-crab. 

Only one slab is preserved, the counterpart having been lost ; it 
presents about three fourths of the specimen preserved as a flattened 
impression on the slab, and was obtained, like the Squilla Lewisia, 
from Hakel, in the Lebanon. 

If perfect, the cephalic shield would have measured about 13 
centimetres in breadth by 7 centims. deep, the thoracico-abdominal 
shield being 7 centims. at its widest (anterior) part, diminishing 
to 4 centims. at its hinder border, the length being 53 centims. ; 
the telson or tailspine measurcs 11 centims. in length. 5 mo- 
vable and six fixed spines alternate along the border of the tho- 
racico-abdominal somites, which are coalesced, as in modern Limulus, 
to form the postcephalic buckler. No limbs are preserved. 

In point of size this specimen closely agrees with LZ. Walchit, 
Desmar., from Solenhofen. 

I propose for this Cretaceous form the trivial name of LZ. syrzacus, 
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DESCRIPTION OF PLATE XXVI. 


Fig. 1. Sgwilla Wetherelli, H. Woodward. London-clay, Highgate: figured of 


the natural size. The shaded portions show the actual part of the 
fossil preserved. (The original preserved in the British Mnseum.) 


2. Squilla Desmarestii, Risso. Recent British. (Copied from Bell’s ‘ British 


Stalk-eyed Crustacea.’) m m, the great-toothed monodactylous max- 
illipeds; ss, serrated outer border of penultimate joint of swimming- 
appendage. 


3. Necroscilla Wilsoni, H. Woodw. Middle Coal-measures, Cossall, near 


Ilkeston, Derbyshire. (From the cabinet of E. Wilson, Esq., F.G.S., 
Nottingham.) Enlarged 5 times nat. size. 


4. Squilla Lewisti, H. Woodw. From the Cretaceous strata of Hakel, in 


the Lebanon, Syria. Enlarged 3 times. (From Prof. E. R. Lewis’s 
collection. ) 


5, Squilla (Sculda) pennata, Minst., sp. Lithographic stone, Solenhofen, 


Bavaria. (Original in the British Museum ; part of Haberlein collec- 
tion.) Enlarged 3 times. 


6. Limulus syriacus, H. Woodw. Cretaceous, Hakel, Syria (collected by 


Prof. E. R. Lewis; now in the British Museum). Reduced to about 
3th nat. size. The portion cut off by the line ¢e is restored; the 
rest is preserved as an impression on a flat slab of limestone. 


Discussion. 


Rev. P. B. Bropiz stated that he possessed a Squilla from the 


Lias. 


Dr. Woopwarp said he had had specimens like Squilla from the 
Lias; but they were only the young of Hryon, which were liable to 
be mistaken for Squilla, these two forms haying much in common. 
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43. On the Exporntoponr Repriiia, with Evidence of the Species 
ENDOoTHIODON UNISERIES, Ow. By Professor Owrn, C.B., F.R.S., 
F.G.8., &. (Read May 28, 1879.) 


[Puate XXYVHII.] 


In the ‘Descriptive and Illustrated Catalogue of the Fossil Rep- 
tilia of South Africa in the Collection of the British Museum’* a 
genus Hndothiodon and the species bathystoma were founded on a 
portion of a skull and of a mandible from the Trias of Gouph? (p. 66, 
pls. Ixvi. & Ixyii.). The alveolar border of the upper jaw was sub- 
trenchant, with a caniniform process on each side, as in Oudenodon. 
A section being made of this part, there was exposed, as in Ou- 
denodon magnus (op. cit. p. 56, pl. liv., c’), a close osseous tissue, 
without trace of a canine or of a socket for any rudiment or germ of 
tooth (op. cit. p. 66, pl. lxvi., ¢’ c'); whence I inferred that such 
premaxillo-maxillary margin might have been sheathed, asin Chelonia, 
with horn. The opposing outer border of the portion of the man- 
dible presented a similar toothless, subtrenchant character, but was 
extended in an unusual degree internal to such margin, giving great 
transverse thickness to the rami from the symphysis as far backward 
as the dentary element was preserved. 

On the palatal surface of the crushed cranial fragment a single 
median palato-narial aperture was exposed, and some small cylin- 
droid teeth appeared to be scattered in two or more rows on each 
side of the palate (bcd. pl. Ixvii. figs. 1 & 4). Sections of the man- 
dible showed that such teeth had been opposed by similar ones 
developed in the thick inner border internal to the edentulous 
alveolar margin. 

In the anterior portion of a mandible of the same species of Hn- 
dothiodon subsequently discovered at ‘‘the Kloof” under the “ Nieu- 
woeldt range” of the ‘Gouph’ tract, and transmitted by Thomas 
Bain, Esq., I had a horizontal section made of the right dentary, and 
exposed three series of teeth or portions of them, affording satisfac- 
tory confirmation of the dental character which the more fragmen- 
tary fossil previously at my command had less completely indicated 
(op. cit. p. 66, pl. Ixvii. figs. 2 & 5). 

In the section figured (Pl. XX VII. fig. 1) the innermost row of 
mandibular teeth, eleven in number (1-11), commences 1 inch 9 lines 
behind the foremost part preserved of the symphysis (the apex of 
which is wanting), and the row terminates 4 inches from that part. 
The form of each tooth is subcircular, the diameter varies from 6 to 
4 millims. ; the hindmost tooth shows the smallest size, the other ten 


* Ato, 1876. ; 
+ A district bounded on the north by the Nieuwoeldt plateau, on the south 


by Zwarte Bay, on the cast by Beaufort West, and on the west by Karoo 
Poort. 
Q. J. G. S. No. 140. 2a 
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are subequal. A small pulp-cavity, circular in transverse section, is 
exposed in each tooth, larger in the first than in the rest. The 
series deviates very slightly from a straight line. 

_ The second row (1-10') begins outside of and opposite to the in- 
terval between the cighth and ninth teeth of the inner row. Ten 
teeth are exposed, in section, in the second row, which extends 1 
inch 4 lines behind the last tooth of the inner row. There is a 
fragment of what seems to be a tooth anterior to the first of the 
second row, and which would indicate that this row included eleven 
teeth like the inner row. 

The foremost evidence of a tooth of the outer row (1*-6*) appears 
opposite the interval between the second and third of the middle 
row ; it is represented by the outer half of the shell of an incom- 
pletely calcified crown. It is succeeded by a similar evidence of the 
coronal shell of a second tooth. The third, opposite the interval 
between the fourth and fifth of the middle row, shows the circular 
wall of the crown almost complete. The fourth and fifth teeth are 
fragmentary. The sixth tooth outside the interval between the 
seventh and eighth teeth of the middle row shows the entire section 
of its crown with a less wide pulp-cavity; it had been cut across 
nearer the apex. A seventh tooth of the outer row is less satisfac- 
torily seen, and there are feeble indications of an eighth tooth. 

Three teeth in the same transverse line are thus shown, composed 
of the tenth and eleventh of the inner row, the third and fourth of 
the middle row, and the first and second of the outer row. ‘The best- 
shown teeth of the outer row have the same shape and nearly the 
same size as the others, but have wider pulp-cavities, which may 
indicate either that they have been cut across nearer their base or 
were less advanced in formation. 

The larger portion of mandible of Hndothiodon bathystoma here 
described and figured closely corresponds in size and shape with the 
similar portion originally described and figured (op. ct. pl. Ixvii. 
figs, 2-5). In both the apex of the symphysis has been broken off; 
but in the later-received specimen above described the thick alveolar 
border of the right dentary had undergone less damage and was con- 
sequently selected for the section figured. That of the left dentary, 
though more abraded, permits eleven teeth of the middle row to be 
traced, the series commencing a little in advance of that of the 
right side, unless the fragmentary indication of the foremost tooth 
of that side be rightly interpreted. 

The first, second, and third teeth of the middle row, left ramus, 
show, in section, a slightly incurved part of the periphery next the 
contiguous tooth of the inner row, such as one might see in asimilar 
transverse section of the deciduous and successional teeth in the 
alveoli of a crocodile ; but in such section the old tooth, the com- 
pleted crown of which was being pressed upon by the new tooth, 
shows a more solid structure with minor indications of a pulp-cavity. 
In the three foremost teeth of the second row of Endothiodon the 
pulp-cavity is as large as in the three hindmost teeth of the inner 
row, aud, moreover, the teeth of the middle row which follow and 
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seem not to have a parallel continuation backward of the inner row, 
are circular in section and have not been indented through such 
relative position. Nor is that position, where it obtains, such as to 
suggest that the inner row could push out the teeth outside them. 
I conclude, therefore, that the three rows of palatal teeth + indicated 
in the type example of Endothiodon bathystoma were normally 
opposed by three rows of similarly shaped and slightly smaller teeth 
of the lower jaw. 


ENDOTHIODON UNISERIES, Ow. 


This species is founded upon the fore half of a skull including 
nearly the same parts and proportions thereof as the fossil indicative 
of the genus (op. cit. pl. lxvii.), but it has not been subject to 
the same pressure and distortion. It is of smaller size and differs 
more markedly in haying but a single row of teeth on each side of 
the palate, which some may deem to justify a distinct generic appel- 
lation. It is, however, a reptile of the same singular and well- 
marked type as is exemplified by the fossils of Kndothiodon bathy- 
stoma. As in that species, the trenchant alveolar border of the 
upper jaw commences with a caniniform process (Pl. XXVII. fig. 
2, ¢), to the fore and inner part of which the premaxillary (ib. 22*) 
contributes a larger share than is indicated by the suture shown in 
the section of this quasi-canine in Hndothiodon bathystoma (op. cit. 
pl. Ixvii. fig. 6). 

Of this process on the right side of the present species I also 
made a transverse section (fig. 3, 21*, z2**), and exposed only the 
osseous tissue, of which the outer part was of almost dentinal hard- 
ness, and the inner part closely or minutely cancellous. This pro- 
cess, howsoever covered in the recent reptile, would be used as a 
dental weapon, and have the same title to be called ‘tooth’ as that 
part in the beak of the Falcon. 

The trenchant border of the maxillary, continued from the pro- 
portion which it contributes (figs. 2 & 3, 21*) to the caniniform 
process, describes a slight curve convex downward, concave, out- 
ward, and gradually gains in thickness—though this may be partly 
due to abrasion of the original margin, which at the hinder third of 
both right and left maxillary exposes the same dense texture as in 
the caniniform process. 

The premaxillary contributes the anterior third of the outer and 
the whole of the inner half of this process (fig. 3, 22**), being 
continued backward along the inside of the maxillary portion (ib. 
21**), The suture exposed in the section (fig. 3, between 21* & 22*) 
extends upon the palatal surface of the skull along the fore border 
of the maxillary, 21’, and palatine, 20', plates in a sigmoid course 
curving backward to the fore part of the vomer, 13. The premaxillo- 
vomerine suture is shown at 13’, fig. 3, Pl. XXVII. The interpre- 
maxillary suture is obliterated, and the confluent pair of bones con- 

t The pulp-cavity exposed by section of the palatal teeth, in the multiserial 
arrangement, shows a bright red tint, indicative of the ferruginous colouring- 
matter of the blood, in the type specimen of Lndothiodon Beige 

Q 
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tribute to form the roof of a large, deep, and smooth depression 
(ib. 22’) at the fore part of the palate. This depression is bounded 
laterally by the caniniform processes and anteriorly by the deflected 
fore end of the beak-shaped premaxillary. It has not the pair of 
longitudinal ridges at the fore part as in Dicyncodon (op. cit. p. 46, 
pl. xxxix. 22/, pl. xliv. fig. 2, 22*), and in this respect resembles 
Oudenodon (op. cit. pl. lvi. fig. 2, 22); but Hndothiodon uniseries, like 
E. bathystoma, repeats the same palatal character as in both those 
Anomodonts, in the vault-like expanse of the fore part of the roof 
of the mouth f. 

From the hind part of the concavity the confluent premaxillaries 
are continued backward as a narrow process, convex lengthwise 
and across, perforated by a premaxillary slit (ib. ib. ap) and ter- 
minating pointedly between the parial yomerine plates (1b. 13, 13). 

The nostrils (figs. 2 & 5, n n) are divided anteriorly by the 
deflected fore part of their roof, the fore end of which is broken off, 
showing the thickness of the nasal septum at that part (Pl. XXVII. 
fig.5,ns). Each nostril has a trilobed shape ; the fore lobe is defined 
from the hind one by the deflected fore part of an antero-posteriorly 
extended large and massive nasal bone (figs. 2, 4, 5,15). The third 
smaller and lower lobe of the nostril extends between the premax- 
illary (fig. 2, 22*) and maxillary (ib. 21*) into the base of the ca- 
niniform process. The antero-posterior extent of the nostril is 
1 inch 6 lines, the vertical diameter is 8 lines. It markedly differs 
in shape, and independently of distortion, from that of the nostril 
of Endothiodon bathystoma (op. cit. pl. lxvi., 2), in which, however, 
the same extension of the cavity into the premaxillo-maxillary cleft 
at the base of the caniniform process is shown. The suture between 
the maxillary (21) and the nasal (15) has the same course in Endothi- 
odon unisertes as in Hndothiodon bathystoma. 

The resemblance of the outer nostril to that in Oudenodon magnus 
(op. cit. pl. liv.) may be noted, in which a hinder lobe or division 
of that orifice is indicated by a prominence of the upper border, due 
apparently to a similar forward extension and descent of the nasal 
bone. The lower border of the nostril is also notched where it is 
continued into the premaxillo-maxillary suture (see also Oudenodon 
Bain, op. cit. pl. lx. fig. 1, 2); but this is more in advance of the 
caniniform process in Oudenodon than in EKndothiodon. 

The nasals (15) are separated from each other, as in most Birds, 
by the backward extension to the frontals (11) of a long and strong 
nasal or facial production of the premaxillary (fig. 4, 02). The trans- 
verse convexity and longitudinal deflection of this part of the pre- 
maxillary is as well marked in the smaller as in the larger species, 
and recalled the proportions of the same bone in Aptornis otidi- 
forms t. 


t The roof of the corresponding palatal concavity in Dinornis robustus shows 
a single median ridge (‘Iixtinct Birds of New Zealand,’ 4to, vol. ii. pl, Ixy. 
fig. 1, 22). 

t Memoirs on the Extinct Wingless Birds of New Zealand, 4to, yol. ii. 
pl. xliii. figs. 1 and 2, 
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The median line of the palate, in Endothiodon uniseries, describes 
a strong sigmoid curve, concave downward at its anterior half, convex 
at its middle to where the vomerine plates (13) pass into the palato- 
naris (p n, fig. 3). This aperture is single, pyriform, about an inch 
broad at the part preserved where the skull has been broken 
across. The narrower fore part is partially divided by the vomer 
(ib. 13), which sinks into the opening as the palate is viewed from 
the basal aspect shown in fig. 3; and there the two thin vertical 
lamellee divide the nasal passages. The common hinder aperture 
beyond is bounded laterally by the thick and deep pterygoids (24). 
The vomerine lamellee, as they emerge at the fore and narrow part 
of the palato-naris, become thickened, with smoothly rounded palatal 
margins, and are divided by sutures from the intervening perforated 
palatal process (a p) of the premaxillary. 

The pterygoidean side walls of the palato-naris (ib. 24), smoothly 
concave mesially, swell out upon the palatal surface into irregularly 
convex tracts, 1 inch 4 lines in length, 7 lines in breadth posteriorly, 
and gradually narrowing to a point anteriorly, these pointed ends 
being divided from the bilamellar vomer by fissures (ib. f) conduct- 
ing to the palato-naris. The pterygoids are divided by a groove 
from the palatal bones (ib. 20), supporting the single row of palatal 
teeth. 

These teeth are nine in number on each side, disposed lengthwise 
in a slight curve concave outwards and parallel with that curvature 
of the alveolar border of the maxillary (ib. 21); from which border 
each tooth-series is separated by a shallow groove, 4 or 5 lines 
in width, along which extends the suture, of which the fore 
part is seen between 21’ and 20’, fig. 3. The teeth, which are all seen 
in transverse fracture, the crown-summits having been broken 
away, are subcylindrical in shape, composed of hard dentine, and 
without any exposure of a pulp-cavity at the line of fracture, 
which is nearly on a level with the supporting bone. The teeth are 
of equal or almost equal size, 6 to 7 millims. in diameter; the 
length of each series is 2 inches 4 lines, It is to be presumed 
that they were opposed by a similar single series on an answerable 
part of a broad upper surface of the dentary element of the 
mandible, since the number of palatal teeth, somewhat confusedly 
distributed in the type specimen of EH. bathystoma, indicates an 
arrangement in three longitudinal rows, as in the lower jaw, Pl. 
XXVII. fig. 1. 

The orbit in Hndothiodon uniseries (fig. 2, 0) is somewhat nar- 
row vertically at the fore part and gradually widens, as far as its 
bony boundaries haye been preserved, the lower one having been 
broken across at 2 inches distance from the fore part of the orbit, 
the upper one about 15 inch from the same part. The lower 
boundary extends outwards, and the fracture has taken place at the 
beginning of the zygomatic arch which supports a part of the 
malar (ib. 26). The upper boundary terminates behind in tho 
fractured surface of a tuberous and slightly deflected postfrontal, 12. 
Whether this was continued downward, as in Oudenodon (op. cit. 
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pl. lx. fig. 2), remains to be determined by more perfect specimens of 
findothiodon. 

The hind portion of the broken specimen of Endothiodon wniseries 
includes the fore part of the temporal fossa (fig. 2,¢), The rhinen- 
cephalic canal (fig. 3, rh.), 6 lines in width, 3 lines in height. is 
exposed at the fracture in advance of the prosencephalic cavity ; its 
fractured roof includes a vertical thickness of more than an inch of 
solid bone. Density and massiveness are eminent characteristics 
of the skull of the present Triassic reptile. The upper surface 
anterior to the temporal fossee is boldly and irregularly sculptured. 
The conyex nasal process of the premaxillary (fig. 4, 22’), with the 
anterior ends of the frontals (11) interwedged, is divided by large 
and deep channels from the elongate similarly convex and rugous 
nasals, 15, and prefrontals, 14, which augment the breadth of the 
eranio-facial platform. The prefrontal, 14, develops a roughened 
boss at the fore part of the orbit, anterior to which boss opens a 
large pseudo-narial foramen (fig. 2, a), the homologue of that which, 
in Veleosaurus*, also coexists with a true external nostril. 

The postfrontal, 12, develops a similar boss, and the lower inter- 
mediate part of the upper border of the orbit may be contributed by 
either a superorbital bone or by an outward extension of the frontal, 
Hye 

The numerous fissures and irregular indentations over the tuberous 
and wrinkled upper surface of the skull render the determination of 
sutures between the frontals and superorbitals more or less ambi- 
guous; but the example of Oudenodon Greyi (op. cit. pl. bxii. 
fig. 2, 11), in which the mid frontals are plainly divided by a suture 
from a narrow superorbital bone, weighs towards the belief of a 
similar ossicle, as marked at 11’ in fig. 4, Pl. XXVII., completing the 
upper rim of the orbit, on a lower level than the pre-and postfrontals, 
in Endothiodon wniseries. 

I come now to the question of the additional light thrown by the 
skull of this species on the affinities of the genus in the Reptilian © 
class. Amongst the cranial characters of the order Anomodontia are 
the following :—Premaxillaries confiuent, forming a single edentu- 
lous beak-shaped bone, sending upward and backward a ‘ nasal pro- 
cess,’ and forming below the roof of an anterior palatal vault, from 
which roof a process is continued backward to the vomer.’ ‘The 
nasal bones more or less divided by interposition of the nasal process 
on the premaxillary’f. Vomer consisting of a pair of vertical 
lamelle contributing little to the bony roof of the mouth, dividing 
the narial passages at some distance from the wide and single 
palato-naris or posterior nostril.” 

In these characters Hndothiodon agrees with the Anomodontia and, 


* ‘Hist. of Brit. Foss. Reptiles,’ part. iii. (Crocodilia, pl. i. fig. 2, a). 

+ The sutures demonstrating this character are well shown in the skull of 
Piychognathus declivis (Foss, Rept. 8. Afr. pl. xlv. figs. 2, 15, & 22). The divided 
condition of the nasals and their relation to the outer nostrils repeat, in Birds, the 
structure here shown in Anomodonts. See Dinornis robustus, ‘ Wingless Birds 
of New Zealand,’ pl. lxiy. figs, 2, 15, 22; and Aptornis, pl. lxxxiii. figs, 15 & 22. 
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in that order, resembles the Oudenodonts in the absence of the parial 
ridges projecting from the fore part of the roof of the premaxillary 
palatine vault; also in the presence of a caniniform process on each 
side of the alveolar border of the upper jaw, and in the tuberous pro- 
minence of the nasal bones above the nostrils—a character which is 
present in Oudenodon prognathus (tom. cit. pl. 1x1. fig. 1, 15, “the super- 
narial tuberosity is relatively large,” p.59). In Oudenodon magnus 
also “a low protuberance of the nasal (pl. liv., 15) overhangs part 
of the nostril” (p. 56). The anteriorly contracted orbit, in the 
vertical direction, notable in both species of Endothiodon, is charac- 
teristic also of Oudenodon prognathus (tom. cit. pl. Lxi. fig. 1, 0). 

In both species of Endothiodon the skull is relatively more pro- 
duced anterior to the orbits than in most other Anomodonts: the 
nostrils are more advanced, and both the premaxillary and the maxil~ 
lary bones contribute to the formation of the caniniform process. 
In connexion with this difference we find agreater relative antero- 
posterior extent of the nasal bones, and the occurrence of a pseudo- 
narial opening between the nasal and postfrontal bones. 

Dicynodon, the type of the order Anomodontia, shows a marked 
modification of the reptilian structure in the reduction of the dental 
system to the single pair of upper canines. In Oudenodon this 
modification is carried to the Chelonian extreme of an entire loss of 
teeth ; but the cranial characters are Anomodont, not Chelonian. 

Both Oudenodon and Endothiodon indicate a derivation from 
Dicynodon by the caniniform processes of the upper jaw, although 
all trace of tooth and socket is obliterated in the numerous specimens 
which I have subjected to examination. The combination of two 
bones in the formation of this process in Hndothiodon is signifi- 
cant of its original edentulous condition in that genus, especially as 
the premaxillary constitutes the larger proportion of the process. 
In Oudenodon the process is exclusively formed by the maxillary. 

With the above-cited evidence of adherence to the Anomodont 
type of reptilian skull, I regard the development of teeth internal to 
the alveolar margins of both upper and lower jaws as a character of 
family value in the order. The single row of palatal teeth in Hndo- 
thiodon uniseries recalls the outer row of small teeth in Placodus 
gigas, Agassiz, and Placodus Andriani, Minster. The development 
of the premaxillaries along the upper and fore part of the skull and 
the position of the nostrils are also resemblances of the anomalous 
Muschelkalk reptile to the Anomodonts of the Cape Trias. The 
dental characteristics of Hndothiodon, as of Placcdus, doubtless related 
to the crushing for food of contemporary testaceous and crustaceous 
Invertebrates. 

The palatal teeth in Batrachiderpeton lincatum, Hancock and 
Atthey, closely resemble in size and disposition those of Hndothiodon 
uniseries; but in the Labyrinthodont from the Coal-shale they are 
associated with both premaxillary and vomerine teeth*. It is 
interesting to trace, however, the continuance of a common ichthyic 


* ‘Natural History Transactions of Northumberland and Durham,’ yol. iy. 
plate iy. fig. 2, 2. 
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and batrachial dental character cropping up, so to speak, in excep- 
tional cases of Reptilia, rising toward the establishment of the 
crocodilian type, above which group of advanced Reptilia calcified 
palatal teeth no longer appear in the vertebrate series. 


EXPLANATION OF PLATE XXVII. 


Fig. 1. Section of part of right mandibular ramus, exposing the three rows of 
teeth, Endothiodon bathystoma. 
2. Side view of fore part of skull, Endothiodon uniseries. 
3. Under view of the same. 
4. Upper view of the same (one half nat. size). 
5. Front view of the same (2.). 
(All the other figures are of the natural size.) 


Discusston. 


Prof. SreLry inquired whether Prof. Owen had examined into the 
resemblances between Hndothiodon and those European Muschelkalk 
reptiles which form the genus Placodus. The superficial resem- 
blance was the more suggestive since animals closely allied to the 
South-African Anomodonts had already been described from Per- 
mian rocks in Russia. He also inquired as to the nature of the cra- 
nial characters which led the author to class the Endothiodont group 
rather with the Anomodonts than with those animals which Prof. 
Owen had called Theriodontia. 

Prof. Owrn replied that the great point of distinction between the 
Theriodontia and Anomodontia was that in the former the teeth are 
developed on the alveolar border of the jaws, not on the palate. In 
Endothiodon the teeth are palatal, and, as in Oudenodon, there are 
no teeth on the margin of the upper jaw. Other secondary points 
of distinction also go with these. 
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44, Duscriprion of the Sprcrus of the Ostracopous Grnus Barrp1a, 
M‘Coy, from the CARBONIFEROUS StRATA of GREAT Brirain. By 
Professor T. Rupert Jonrs, F.R.S., F.G.8., and Jamus W. 
Krrxsy, Esq. (Read May 28, 1879.) 


[Puates* XXVIII.-XXXIT. | 


Tru genus Bairdia was instituted by Professor M‘Coy, in 1844, for 
the reception of two species of Entomostraca from the Carboniferous 
Limestone of Ireland. Since then other species belonging to the 
same genus have been described from the rocks of the same age 
occurring in Scotland, Bohemia, Russia, and Australia; and many 
species have been made known from the Silurian, Permian, Triassic, 
Jurassic, Cretaceous, and Tertiary strata, as well as from existing 
British and foreign seas. 

The recent forms of BSairdia are all marine, and are found at 
various depths, ranging from 10 to 500 fathoms; and the Carboni- 
ferous species (and those found in other formations) occur in lime- 
stones, and calcareous ironstones and shales, together with Corals, 
Crinoids, Polyzoa, and marine Shells of all classes. 

Bairdia, in fact, is exceptionally marine in its mode of occurrence 
in Carboniferous strata. Other marine genera of Paleozoic Ento- 
mostraca often have some stray species occurring with equivocal 
associates. Leperditia, for example, which is a markedly marine 
genus, has one representative, L. scotoburdigalensis, met with as a 
very common fossil in the Calciferous-Sandstone series of the east 
of Scotland, where it repeatedly occurs with the remains of Lepi- 
dodendron, Sphenopteris, and Ganoid Fishes. Beyrichia, another 
marine group, has B. arcuata as a Coal-measure species, occurring 
with Plants, Fishes, and other fossils characteristic of that forma- 
tion, but of dubious habitat. And so with Airkbya, all the species 
of which are marine, though at times two of them, K. plicata and 
K. spiralis, appear in Lower-Carboniferous strata with Sphenopteris 
afims, Lepidodendron, and Stigmaria. 

We do not say that such doubtful companions indicate purely fresh- 
water habits on the part of these Entomostraca, though such occur- 
rences must mean differences in physical conditions compared with 
those prevailing during the formation of the limestones and other 
calcareous beds in which the species of these genera are usually found. 
Among the Bairdiw we know of no such exceptions to the rule; 
they never occur with Fish- or Plant-remains. In the thin lime- 
stones intercalated in the thick Calciferous-Sandstone series of Fife- 
shire B. plebeia, B. Hisingeri, and Leperditia scotoburdigalensis occur, 
with Orthoceras, Murchisonia, Schizodus, and other marine shells; 
but the Bairdie always disappear, as well as the Mollusca, in the 


* The cost of lithographing these Plates has been defrayed by a grant from 
the Royal Society. 
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intermediate beds, though Z. scotoburdigalensis continues on in the 
shales and ironstones, where Plant- and Fish-remains come in as 
common fossils. We may here mention that six or seven species of 
the Ostracodous genus Carbonia *, with varieties, appear to have been 
constant inhabitants of the freshwater or brackish lagoons and shal- 
low shore-waters where the British Coal-measures were formed ; and 
they have not been found in any marine stratum of the Carboni- 
ferous series. 

The Bairdice which we have to describe in this paper include all 
that are known from British Carboniferous strata. They are from the 
Upper and Lower divisions of the Carboniferous-Limestone series and 
the Calciferous-Sandstone series of Scotland, from the Yoredale Rocks 
and Scar Limestone of the Northern Counties of England, and from 
the Carboniferous Limestone of Wales and the West of England. 
The lowest portion of the series where they have been seen is 
probably the Calciferous Sandstone of Fife, where B. plebeia, B. 
nitida, and B. siliquoides are found from 3000 to 3800 feet below the 
base of the Carboniferous-Limestone series. The highest position in 
which Carboniferous Bairdie have been found in Scotland is in the 
upper division of the Carboniferous Limestone ; and in England they 
occur in a somewhat equivalent position in the upper beds of the 
Yoredale Rocks. Though we have no specimens from the Millstone- 
grit or the Coal-measures, it is evident that several of the species. 
continued to exist, in other areas, during the deposition of these 
Upper Carboniferous strata, for they reappear in abundance in the 
Permian rocks of Durham and Yorkshire and of Germany. 

It should be mentioned that we are largely indebted to Mr. John 
Young, of Glasgow, for specimens and for information as to dis- 
tribution ; also to Messrs. James Thomson, James Armstrong, and 
David Robertson, of the same city; to Mr. J. R. J. Hunter, of 
Braidwood ; to Mr. R. Etheridge, Jun., formerly of the Geological 
Survey of Scotland, now of the British Museum; to Mr. Charles 
Moore, of Bath, Dr. H. B. Holl, and others. Our examination of 
hundreds of specimens belonging to the Geological Survey of Scot- 
land has greatly enlarged our knowledge of these Kntomostraca. 


Barrpra, M‘Coy. 


Professor M‘Coy briefly.described the genus as :—“ Shell elongate, 
fusiform, suddenly tapering at both ends ; avery short proportion of 
the valve overlaps the abdominal margin.” 

The generic characters have been more fully noticed by one of us 
in a ‘ Monograph of the Entomostraca of the Cretaceous Forma- 
tion,’ 1849, p. 22, and in a paper on “ Permian Entomostraca 
from Durham,” ‘Trans. Tyneside Field-Club,’ vol. iv. 1859, p. 189. 
More recently Prof. G. 8. Brady has given an account of the genus, 
from a study of the recent species, in the ‘Transactions of the 
Linnean Society,’ vol. xxvi. p. 388, and the ‘Transactions of the 
Zoological Society,’ vol. x. p. 383. 

* See Ann. & Mag. Nat. Hist. ser. 5, vol. iii. p. 28, pls, ii. & iii. 


THE OSTRACODOUS GENUS BAIRDIA. 567 


The Carboniferous (and Permian) forms are, like many others, 
usually more or less subdeltoidal in the general shape of the carapace, 
with the posterior end the smallest, and often pointed or rostrate. 
Other forms are subcylindrical, and others subovate, in outline. 
The left valve always overlaps the right along both margins, but 
most strongly and regularly on the dorsal margin. The surface is 
usually smooth, though occasionally pitted. In some examples the 
muscle-spot is seen; it consists of a congeries of small raised spots 
(seen as depressions on the internal casts), circularly arranged 
within a faintly sunken area, 


1. Batrpra curta, M‘Coy. Plate XXVIII. figs. 1-8. 

Bairdia curtus (only partly exposed in its matrix *), M‘Coy, 1844, 
Synopsis Carboniferous Limestone Fossils of Ireland, p. 164, pl. xxiii. 
fig. 6. 

Cythere (Bairdia) curta, Jones, 1849, in King’s Monograph of 
Permian Fossils, p. 61, pl. xviii. fig. 3. 

Bairdia curta (freed from its matrix), Jones, 1870, Monthly Micro- 
scopical Journal, vol. iv. p. 185, pl. lxi. fig. 1. 


After some oscillation of opinion, we think it best to look upon 
B. curta as distinct from B. plebera. We discussed this question in 
1859, when describing some Permian Bairdie +; and we returned 
to it in 1866, when we were inclined to look upon the two forms as 
belonging to one speciest. But after further examination, with 
the help of additional material, it appears to be least objectionable to 
consider those specimens which have the anterior extremity angu- 
lated above as belonging to B. curta, and the specimens with the 
same extremity rounded both above and below as belonging to 
B. plebeia. In coming to this decision we are aware that the most 
is made of small differences, and that the existence of intermediate 
forms is in a measure ignored. But this is only what we have had 
to do in studying the Carboniferous Bairdie generally, and to some 
extent among the Ostracoda from other formations. The longer 
we investigate, and the more specimens we examine, the greater 
difficulty do we find in grouping the various forms and varieties into 
species. Doubtless had we the animal, as well as the carapace that 
enclosed it, to assist us in determining the species, important differ- 
ences might be seen, which are only hinted at in the materials pre- 
served to us§. And this possibility has been allowed to have some 
weight in the present instance as well as in others. We describe 
the species under notice as follows :— 


* See ‘ Transact. Tyneside Field-Club,’ vol. iv. p. 151; and Ann. & Mag. N. H. 
ser. 3, vol. xviii. p. 42. 

+ Trans. Tyneside Field-Olub, 1859, vol. iv. p. 150. 

t Ann. & Mag. Nat. Hist. 1866, ser. 3, vol. xviii. p. 42. 

§ Not only specific, but even generic differences would probably be shown 
by the soft parts, were they preserved. Carapaces which we are obliged to 
refer to the one genus, Bairdia, may possibly belong to such different groups 
as Bythocythere, Macrocypris, Paracypris, and Cytherura, as defined by the 
researches of G. 8. Brady, G. O. Sars, and others. 
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Carapace elongately subdeltoid in outline; length in type spe- 
cimen less than two and a half times the height, in others con- 
siderably more than that. Dorsal border arched (in some examples 
flatly so), with both slopes slightly concave; ventral border straight 
or faintly incurved. Anterior extremity broad, rounded below, and 
angulate above; posterior extremity produced and rostrated. Left 
valve overlaps the right moderately on both borders. Surface 
smooth. Length 55 to ;4 inch. 

Fig. 1 represents Sir R. Griftith’s original specimen (cleared from 
the matrix), from which Prof. M‘Coy described the species. Fig. 3 
is from a very beautiful example in the collection of Mr. John 
Young. Both it and fig. 6 are relatively longer, flatter in the arch- 
ing of the dorsal border, and with a more broadly rostrated anterior 
end than the type specimen. Fig. 5 represents a right valve which 
is included in this species with some doubt. The posterior extremity 
is less elevated than in other specimens, and is acutely pointed 
rather than rostrated, and it has a straight slope on the hinder 
third of the dorsal border. Still the specimen has more the cha- 
racter of curta than of any other species; we refer to it as B. curta, 
var. terebra, and notice that it is near the Permian B. rhomboidea, 
Kirkby, Trans. Tyneside N. F.-Club, 1859, vol. iv. pp. 147 & 149. 

Fig. 7 represents a variety which we name bicornis. Its dorsal 
border is elevated and flat in the middle region, with deeply exca- 
vated anterior and posterior slopes, both of which curve upward to 
form acutely angular extremities. The extremities make two strong 
convex curves, meeting at the middle of the ventral border, which 
is thus sinuated and incurved at the centre; it is rather more pro- 
tuberant anteriorly than behind. The anterior extremity is thus 
broad and trenchant, and the posterior acutely and obliquely 
rostrated. The central portion of the valves rises abruptly from 
the regions adjoining the ventral border and the ends, which are 
compressed. The lateral outline of the carapace resembles the shape 
of a Scythian bow. 

Fig. 8, var. deformis, is from an example from Steeraway, Salop, 
that has much in common with the one just noticed; but the slopes 
of its dorsal margin do not curve upward to acute points as in fig. 7, 
and the anterior third of the carapace is much more protuberant 
ventrally. In Mr. Charles Moore’s collection. 


Localities of Bairdia curta. 


In England. Carboniferous Limestone: Wyebourne, Cumberland ; 
Settle, Yorkshire; Steeraway, near Wellington, Salop. 

In Scotland. Carboniferous Limestone (Upper): Kennox Water 
(Douglas) and Wester House (Carluke), both in Lanarkshire. 

Carboniferous Limestone (Lower): Braidwood (Carluke), Brockley 
(near Lesmahagow), Shields Farm (Kast Kilbride), Calderside (South 
Shiells), all in Lanarkshire ; Causland and Fernie Hill (Gilmerton), 
in Edinburghshire, 

In the ‘Annals & Mag. N. Hist.’ ser. 1, 1847, vol. xx. p. 229, 
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&e., Prof. M‘Coy, writing of the Carboniferous Entomostraca of 
Australia, refers to B. curta as occurring in the Dunvegan shales, 
together with a form which he recognizes as “ Cythere impressa,” 
M‘Coy (Beyrichia?): see Ann. N. H. ser. 3, vol. xviii. p. 44, &e. 


2, BarrpIA PLEBEIA, Reuss. Plate XXVIII. figs. 9-19. 


Be 


Bairdia plebeia, Reuss, 1854, Jahresbericht wetterau. Gesellsch. 


1854, p. 67, fig. 5. 


B. Geinitziana, Richter, 1855, Zeitsch. deut. geol. Ges. vol. vil. 
p- 530, pl. 26. fig. 12. 

B. plebeia, Kirkby, 1858, Annals Nat. Hist. ser. 3, vol. ii. p. 324, 
pl. x. figs. 1-7. 

B. plebeia, Kirkby & Jones, 1859, Trans. Tyneside Nat. Field- 
Club, vol. iv. pp. 141-146, pl. ix. fig. 7. 

Cythere (Bairdia) plebeia, Kirkby, 1861, Quart. Journ. Geol. Soc. 
vol. xvii. p. 308. 

Cythere (Bairdia) plebeia, Kirkby, 1862, Annals of Nat. Hist. 
ser. 3, vol. x. p. 203, pl. iv. figs. 5-10. 


<— Cythere plebeia, K. E. Schmid, 1867, Neues Jahrbuch, &c. 1867, 


p- 581, pl. vi. fig. 26 (not figs. 1-25 & 27-45; these are all grouped 
together at pp. 582 & 588). 

Bairdia plebeia, Jones & Kirkby, 1875, Ann. Nat. Hist. ser. 4, 
yol. xv. p. 56, pl. vi. figs. 6, 7. 


B. plebeia, as a Permian species, has been described by both 
Reuss and ourselves; but we will briefly notice its leading features 
from Carboniferous specimens. 

Subdeltoid in outline, with the valves convex except at the ends, 
which are compressed; length a little more than twice the height. 
Dorsal border arched, with the posterior slope always concave, and 
the anterior slope occasionally so; ventral border straight or slightly 
incurved. Anterior extremity rounded, most prominent above; 
posterior extremity rostrated. The right valve strongly overlapped 
by the left on the dorsal border, and on the centre of the ventral 
border. Surface smooth; rarely pitted. Length 3 to +4 inch. 

Carboniferous specimens of this species present many variations of 
form. These variations mainly consist of increase in relative length, 
of sinuation or non-sinuation of the anterior slope, of the tendency 
of the anterior extremity to become subangulated, and proportionate 
length and rostration of the posterior extremity. 

Fig. 15 is from a Craigenglen specimen, showing a coarsely 
pitted surface, in which character it resembles B. ampla; never- 
theless the general form of the carapace is that of plebeia. 

Figs. 16-18 show a much inflated form from the Carboniferous 
Limestone of Backwell, near Bristol. The lateral contour and end 
view of this specimen differ considerably from those of ordinary 
B, plebeia. 

B. plebeia appears to have been the prevailing form of the genus 
during the Upper Paleozoic periods. The following Localities are 
some of those where it has been found :— 
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In England and Wales. Yoredale Rocks: Whorlton and Barnard 
Castle, in Durham. 

Carboniferous Iamestone: Weardaie, Durham; Wyebourne, Cum- 
berland ; Settle, Yorkshire ; Great Ormes Head, Caernarvonshire ; 
Backwell and Charterhouse, in Somerset; Weston-super-Mare, 
Somerset; Brocastle, South Wales. 

In Scotland. Carboniferous Limestone (Upper): Pathhead, Fife ; 
Levenseat Limestone-Pits, Edinburghshire; Gare, Carluke, and 
Robroystone, in Lanarkshire; Garple Burn (Muirkirk), Williams- 
wood near Cathcart, and Orchard near Pollokshaws, in Renfrew- 
shire; Swindridge and Highfield (Dalry) in Ayrshire. 

Carboniferous Limestone (Lower): Pitlessie Limeworks, coast 
near Ardross, and coast east of St. Monans, in Fifeshire; Darcy 
Quarry, Currielee Limeworks, Magazine Limeworks, Causland, 
West Mains Farm (Baads), Mount Lothian, Fullarton, Bents, 
Mansfield, all in Edinburghshire; Prestongrange, East Lothian ; 
Galabraes, Linlithgowshire ; Calderside, South Shiells, East Drunn- 
loch, Shield’s Farm (Kast Kilbride), High Blantyre, Brockley 
(Lesmahagow), Carluke, Brankumhall Quarry, all in Lanarkshire ; 
Corrieburn (Sculliongeur), Craigenglen, Campsie, in Stirlingshire ; 
Broadstone, Howrat (near Beith), Craigie (Kilmarnock), in Ayrshire ; 
Campbeltown, Argyleshire. 

Calciferous Sandstone: Coast near Randerstone ; coast east of Pit- 
tenweem, and coast west of Pittenweem, Fifeshire; Donkin’s 
Quarry, near Keclefechan, Dumfriesshire. 


3. Barrpia Histnenri, Minster. Plate XXIX. figs. 4-10. 

Cythere Hisingert, Minster, 1830, Jahrbuch fur Mineralogie, 
p. 65. 

Bairdia Schaurothiana, Kirkby, 1858, Annals Nat. Hist. ser. 3, 
vol. u. p. 329, pl. x. fig 14. 

Cythere Schaurothiana, Geinitz, 1861, Dyas, p. 36. 

Cythere (Bairdia) Schaurothiana, Kirkby, 1862, Ann. Nat. Hist. 
ser. 3, vol. x. p. 208, pl. 4. figs. 1-12. 

Bardia Hisingeri, Jones & Kirkby, 1865, Ann. Nat. Hist. ser. 3, 
vol. xv. p. 408, pl. xx. fig. 12. 


Subrhomboidal in outline; convex: length rather more than 
twice the height. Dorsal border straight or slightly convex in the 
middle portion, with an easy slope to the anterior extremity, and an 
abrupt one to the posterior extremity; ventral border incurved 
anteriorly, and rounded towards each end. Anterior extremity 
broad, rounded, and overhanging above; posterior extremity pro- 
jecting (ram-like), subangulate, or slightly rostrated. The left 
valve overlaps the right strongly along the dorsal border ; also along 
the ventral border, where a flange projects about the anterior third. 
Surface smooth. Muscle-spot placed near the centre of the valve, 
and formed by a central dot, surrounded by eight or more others, 
all of whieh are somewhat raised above the surface of a shallow 
circular excavation. Length =, inch. 
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This robust species is distinguished by its great size, rhomboidal 
form, and abrupt posterior slope—also, in many specimens, by the 
strong overlap of the left valve, especially on the ventral border, 
and, in consequence, by a more distinct antero-ventral curve, 
amounting almost, in some cases, to a blunt angle. 

Next to B. plebeva, this species is, perhaps, of the most common 
occurrence in Carboniferous strata. Some of the Localitzes known 
to us are given below :— 

In England and Wales. Carboniferous Limestone: River Wans- 
beck, Northumberland; Wyebourne, Cumberland; Great Ormes Head, 
Caernarvonshire ; Steeraway, Salop ; Holwell, Somerset. 

In Scotland. Carboniferous Limestone (Upper): Gillfoot, Car- 
luke, and Kennox Water (Douglas), in Lanarkshire. 

Carboniferous Limestone (Lower): Mayfield Quarry and Currielee 
Limeworks (near Dalkeith), West Mains Farm (Baads), Fullarton, 
Mount Lothian, all in Edinburghshire; Galabraes, White Baulks, 
North Mine Quarry, in Linlithgowshire; Prestongrange (Kast 
Lothian), Hillhead Quarry (Wilsontown), South Shiells, Fullwood 
(Carluke), Braidwood (Carluke), Brockley (Lesmahagow), in Lanark- 
shire; Craigenglen, Campsie, Stirlingshire ; Craigie (near Kilmar- 
nock) and Howrat (near Dalry) in Ayrshire. 

Lower Carboniferous Series: Donkin’s Quarry (near Ecclefechan) 
and Bonshawburnhead Quarry, in Dumfriesshire. 


4, Barrpra ampta, Reuss. Plate XXVIII. figs, 20-23; Pl. XXTX. 
fig. 3; Pl. XXXII. figs. 17, 18, 


B. ampla, Reuss, 1854, Jahresb. der wetterau. Ges. p. 68, fig. 7. 
B. ampla, 1859, Jones, Trans. Tyneside Field-Club, vol. iy. 
pp. 162 & 166, pl. xi. figs. 14, 19. 
B. ampla, Kirkby, 1861, Quart. Journ. Geol. Soc. vol. xvii. 
p. 308. : 
- B.ampla, Jones & Kirkby, 1875, Annals Nat. Hist. ser. 4, vol. xv. 
p. 56, pl. vi. fig. 5. 


B. ampla is not of very common occurrence in Carboniferous strata, 
though examples are found showing the punctate surface-ornament 
characteristic of the species in the Permian formation. Of the speci- 
mens figured, perhaps the valve from Whorlton (Pl. XXIX. fig. 3) 
is the most typical, having the finely arched dorsal border, with the 
convex slopes, the broad and evenly rounded anterior extremity, and 
the nearly straight ventral border of good Permian examples. 

The internal cast of a left valve from Wyebourne (fig. 23) shows 
an impression of the muscle-spot, which is formed of six small spots 
grouped round a central spot. This cast approaches B. brevis, 
J.& K,, in outline, but differs therefrom in its greater relative 
ae Localities of B. ampla. 

In England. Yoredale Rocks: Whorlton, Durham. 

Carboniferous Limestone: Wyebourne, Cumberland. 

In Scotland. Carboniferous Limestone (Upper): Levenseat, Edin- 
burghshire, 
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Carboniferous Limestone (Lower): Darcy Quarry (Dalkeith) and 
Mount Lothian, in Edinburghshire; North Mine Quarry (Linlith- 
gowshire), Hairmyres (Kast Kilbride), Auchenbeg (Lesmahagow), in 
Lanarkshire ; Dockra (Beith), Craigie (Kilmarnock), in Ayrshire. 

Other figures of this species are here given for the purpose of 
showing the pitted surface that often characterizes well-preserved 
specimens. 

Fig. 17, Pl. XXXIL., is from Hairmyres, Kast Kilbride. 

From Blinkbonny Quarry and some other localities we have speci- 
mens, collected by the Geological Surveyors of Scotland, showing an 
irregularly reticulated surface, as depicted in fig. 18, Pl. XXXII. 
These specimens approach B. plebeia in some of its forms; but from 
that species they differ in having a decidedly convex ventral border, 
and much greater rotundity of valves, with greater relative length. 


5. BarRDIA GRANDIS, n. sp. Plate XXIX. figs. 1, 2. 

Cythere (Bairdia) plebeia, Reuss, var. grandis, Jones, 1859, Trans. 
Tyneside Field-Club, vol. iv. p. 162, pl. xi. fig. 13. 

From Whorlton and some other localities we have a large form of 
carapace-valve that well answers to the cast described and figured 
as B. plebeia, var. grandis, as above quoted. ‘The carapace reminds 
us rather more of B. subdeltoidea, as to its shape, than B. plebeva. 
Its size, too, and its relatively greater height and less produced 
posterior extremity, all distinguish it from B. plebeia. Hence we 
raise it to specific rank, and describe it thus :— 

Subdeltoid in outline; length less than twice the height. Dorsal 
border boldly convex, with sinuous anterior and posterior slopes ; 
ventral border straight. Anterior extremity broad, rounded ; pos- 
terior extremity bluntly pointed. Surface smooth. Length 
aL. inch. 

"3B, grandis has been found in Yoredale Rocks at Whorlton, Dur- 
ham, and in Carboniferous Limestone (Lower) at Carluke, Lanark- 
shire. 

6, Barrpia mucronata, Reuss. Plate XXIX. fig. 11. 

B. mucronata, Reuss, 1854, Jahresb. wetterau. Ges. p. 67, fig. 6. 

B. mucronata, 1855, Richter, Zeitschrift deutsch. geol. Ges. 
vol. vil. p. 531, pl. 26. figs. 18, 19, 

We have a single specimen of a carapace-valve from Whorlton, 
which corresponds closely with the figure of B. mucronata given by 
Reuss and Richter, except in being somewhat higher—a difference 
of, perhaps, no moment as to specific relationship. Reuss describes 
the species as follows :—‘ Elongately elliptical ; rounded in front ; 
running out behind into a long, narrow, compressed flap; upper 
margin arched; under margin almost straight; surface smooth.” 
This answers very well for our specimen. 

In Voredale Rocks at Whorlton, Durham. 


7. BAIRDIA SUBMUCRONATA, n. sp. Plate XXIX. figs. 12-18. 
B. mucronata, Reuss, var. submucronata, Jones and Kirkby, 1867, 
Trans. Geol, Soc. of Glasgow, yol. ii. p. 222. 
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We have specimens from Whorlton and from various localities in 
Scotland that possess some affinity to B. mucronata, but which differ 
from it in having an elliptical ventral margin, a more symmetrical 
and less pointed posterior extremity, and a lateral contour which, 
though convex, is flattened over its central portion. Some of the 
specimens show a tendency to become subrhomboidal, with a faintly 
rostrated posterior extremity, and so approach B. plebera. But we 
are inclined to look upon these specimens as distinct both from the 
latter species and B. mucronata, and describe them as follows :— 

Subpyriform or subrhomboidal in outline; greatest height about 
the anterior third; length about two and a half times the height, 
or less. Both dorsal and ventral borders convex. Anterior ex- 
tremity roundly prominent; posterior extremity rather acutely 
pointed. Lateral contour flatly convex, with the posterior end the 
most acute. Surface smooth. Length j; inch. 


Localities of B. submucronata. 


In England and Wales. In Yoredale Rocks at Whorlton, Dur- 
ham; and in Carboniferous Limestone at Great Ormes Head, 
Caernarvonshire. 

In Scotland. Carboniferous Limestone (Upper): Gare (Carluke) 
and Robroystone in Lanarkshire; Orchard, near Pollokshaws, in 
Renfrewshire. 

Carboniferous Limestone (Lower): Currielee Limeworks, Maga- 
zine Limeworks, Mansfield, in Edinburghshire; Corrieburn, Crai- 
genglen (Campsie), and Sculliongeur, in Stirlingshire ; Carluke and 
Brockley in Lanarkshire. 

Lower Carboniferous Series: Bonshawburnhead Quarry, Dum- 
friesshire. 


8. BarrpIA SUBELONGATA, n. sp. Plate XXX. figs. 1-11 & 16. 


B. subcylindrica (Minster), Jones & Kirkby, 1867, Trans. Geol. 
Soc. Glasgow, vol. i. p. 221. 

B. subcylindrica (Minster), Armstrong & Young’s Catalogue of 
Carb. Foss. of Western Scotland (1871). 

We have many specimens of a long, narrow form of Bairdia, 
which have much in common with B. elongata, Munster, but do not 
approach near enough to that species (so far as we know it) to 
permit of absolute identification. This form we describe under the 
name of subelongata. 

Elongate; length more than three times the height. Dorsal 
border straight or very slightly convex ; ventral border straight or 
very slightly concave, and parallel (or nearly so) with the dorsal 
border. Anterior extremity broadly rounded, evenly so in many 
cases, but sometimes most prominent above; posterior extremity 
bluntly pointed, being diagonally truncate; it were, above and 
below. Dorsal overlap moderate. Lateral ion about four times 
as long as wide, flat or flatly convex for a goal central third, with 
pointed ends, the anterior being rather the most acute. Surface 
smooth. Length ;/; inch. 

Q.J.G.8. No. 140. ee 2R 


= 
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This description applies most exactly to the more typical ex- 
amples, which are always to be distinguished by their nearly straight 
backs, regularity of height, and well-rounded anterior ends. 

Specimens, however, occur whose backs are decidedly curved, 
whose height is not so equal throughout, and whose anterior ends 
lose the normal broadly rounded form of typical examples. Possibly 
such specimens (figs. 6, 8, 9) may represent a variety; but, as their 
lateral contour shows ‘little or no variation, we look upon them as 
not showing too great a divergence from the type of this species. 

Other specimens, while retaining the almost straight and parallel 
borders of the species, possess more pointed posterior extremities, 
as shown in figs. 7 & 10. 

We were once inclined to look upon the examples having a convex 
dorsal border as probably the same as Miinster’s B. suber ylindrica ; 
but that species has the dorsal border more finely arched, a smaller 
anterior extremity, and a more convex lateral contour than any of 
the elongate forms of Bairdia we are noticing. ‘This will be seen 
on comparing the latter with figures 14 & 15, which are from a 
Bavarian example of Miinster’s species. 

Figs. 12, 13, inserted for comparison, represent what we con- 
sider to be an elongate form of B. Hisingert, from Campsie. 


Localities of B. subelongata. 


Wales. In Carboniferous Limestone, at Great Ormes Head, Caer- 
narvonshire. 

Scotland. Carboniferous Limestone (Upper): Ravenscraig, near 
Kirkcaldy, Fifeshire; Levenseat Limestone-pit, Mid Lothian; River 
Avon, below Kinneil Mill, Linlithgowshire; Garple Burn, near 
Muirkirk, Ayrshire; Orchard, near Pollokshaws, Renfrewshire ; 
Gare (Carluke), Meikle Harnock Burn, Climpy (Wilsontown), Gill- 
pott (Carluke), Auchenbeg (Lesmahagow), in Lanarkshire. 

Carboniferous Limestone (Lower): Seatield Tower and Inverteil 
Quarry near Kirkcaldy, Abden near Kinghorn, Pitlessie Quar- 
ries, Wilkinson Quarry near Cupar, Ladedda Quarry near Cupar, 
Woodtop Quarry (Teasses), St. Monan’s, Woodend Quarry near 
Fordel, Charleston Quarry, in Fifeshire; Brunston Colliery, Blink- 
bonny Quarry, Darcy Quarry (8.W. of Dalkeith), Magazine Lime- 
works, Mount Lothian, Baad’s Mill, Mansfield, Fullarton, Cur- 
rielee, in Mid Lothian; Catcraig Land Quarry, near Dunbar, in 
East Lothian; North Mine Quarry, Galabraes Quarry, in Lin- 
lithgowshire ; Craigenglen (Campsie), Corrieburn, in Stirlingshire ; 
Carlops Quarry, Whitefield Old Quarry, in Peeblesshire; Calder- 
side Quarry, Boghead (Hamleton), Kast Drumock, Hillhead Quarry 
near Wilsontown, Ponfeigh Burn and Craigburn near Douglas, 
Fulwood and Braidwood (Carluke), Mousewater near Lambeatch, 
Sheills, Brankumhall Quarry, Brockley near Lesmahagow, High 
Blantyre, in Lanarkshire; Craigie (near Kilmarnock), Dockra 
(Beith), in Ayrshire. 

Calciferous Sandstone: Billow Ness, Fifeshire. 
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9. Barrpra suseracizis, Geinitz, Plate XXX. fig. 17. 

Bardia gracilis, Jones (non M‘Coy), 1850, in King’s Monogr. 
Perm. Foss. p. 63, pl. 18. fig. 7.’ 

B. gracilis, Reuss, 1854, Jahresb. wetter. Gesellsch. 1854, p. 65, 
figs. 2a, 26, 3. 

B. gracilis, Richter, 1855, Zeitsch. deut. geol. Ges. vol. vii. p. 530, 
pl. 26. figs. 16, 17. 

Cythere (Bairdia) gracilis (M‘Coy ?), Jones, 1859, Trans. Tyne- 
side N. F.-Club, vol. iv. p. 168, pl. xi. fig. 15. 

Bairdia subgracilis, Geinitz, 1861, ‘ Dyas,’ p. 34, figs. 9a-c. 

From the ‘“ Main Limestone” of the Carluke district we have 
examples of an elongate Bazrdia (fig. 17) possessing a more strongly 
conyex dorsal and incurved ventral border than any specimens we 
have described as belonging to B. subelongata. They have altogether 
a curved outline, the dorsal border being convex and the ventral 
border concave, with the anterior half of the carapace considerably 
the larger. The posterior extremity is pointed, and the anterior 
rounded. These specimens have not the shell well preserved; but, 
so far as can be judged, they come very near the Permian form, 
which one of us identified with B. gracilis, M‘Coy, and which Dr. 
Geinitz has since named subgracilis. 

The figures given for this species by Reuss, Richter, and Geinitz 
differ somewhat among themselves as to the relative proportions of 
the posterior third of the carapace ; but the general shape sufficiently 
accords throughout to indicate a specific alliance. 


10. Barrpra Brevis, Jones & Kirkby. Plate XXXI. figs. 1-8. 

B. brevis, J. & K. 1867, Trans. Geol. Soc. Glasgow, vol. ii. 
p. 221. 

B. brevis, J. & K. 1871, Armstrong and Young’s Cat. Carb. Foss. 
of West Scotland, p. 25. 


Subrhomboidal; length about half as much again as the height. 
Dorsal border boldly convex, the posterior slope of the arch being 
much the deepest and rather concave; ventral border convex in 
most examples, but in some nearly straight in the centre and rounded 
towards the ends. Anterior extremity broad, rounded, or subtrun- 
cate, most prominent above; posterior extremity rostrated, with 
the beak usually more or less acute. Lateral contour broadly lenti- 
cular, with the greatest width in the centre, which is rather less 
than half the length. Surface smooth. Length = to 4, inch. 

The specimens figured show the most important variations of out- 
line. Such variations mainly relate to the amount of inward slope 
of the anterior extremity, as depicted in figs. 3 & 5, and to the con- 
yexity of the yentral border, which, in such examples as are repre- - 
sented by figs. 2 & 3, forms a bold sweep continuous with the inferior 
slopes of the two extremities, while in others (fig. 5) it is flattened 
in the centre to nearly a right line. 

Compared with its height (about two thirds of the length), this is 
the shortest species of the genus. 

Localities. In England this species has been found in the Carbo- 
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niferous-Limestone series of Wyebourne, Cumberland; Weardale, 
Durham ; Charterhouse, Somerset ; and Scremerston, near Berwick- 
on-T' weed. 

In Scotland. Carboniferous Limestone (Upper): Climpy, Wilson- 
town, Lanarkshire. 

Carboniferous Limestone (Lower): Seafield Tower and Inverteil 
Quarry (near Kirkcaldy), Abden (Kinghorn), Roscobie and Charles- 
ton Quarry (near Dunfermline), Ladedda, Wilkinson, and Woodtop 
Quarries (near Cupar), Pitlessie Quarries, in Fifeshire; Hillhead 
Quarry (near Cockmuir Bridge), Blinkbonny Quarry, Brunston Col- 
liery, in Mid Lothian; Salton Limeworks, Kidlaw Quarry, Paiston 
Quarry, Cateraig Land Quarry and Burlage Quarry (near Dunbar), 
in East-Lothian ; Craigenglen (Campsie), Spouthead Burn, in Stir- 
lingshire ; Brockley (Lesmahagow), Braidwood (Carluke), in Lanark- 
shire; Bonshawburnhead Quarry, Dumfriesshire. 


11. Barrpra siniquvorpEs, sp.n. Plate XXXI. figs. 9-14. 


Siliquiform, or pod-shaped ; length from two and a quarter to less 
than three times the height. Dorsal border almost evenly arched, 
with the extremities nearly alike, the anterior being rather wider 
or less acute than the posterior; ventral border convex. Lateral 
contour plumply lenticular. Surface smooth? Length J, to j, inch. 

Most of the examples of this species which we have seen were 
collected by the officers of the Geological Survey of Scotland, from 
a shale of the Carboniferous-Limestone series, on the River Avon, 
Linlithgowshire. These specimens are all single valves, and do not 
show the hingement as well as could be wished. We have one 
specimen from a thin limestone of the Calciferous-Sandstone series 
of Fife, with the valves united, but not in such preservation as to 
display clearly the amount of overlap along the dorsal border. Still 
we have not much doubt of the species belonging to Bairdia; it is 
a well-characterized form, and comes nearest to the little-known 
Permian species Bairdia acuta, Jones. 

Localities.—Scotland. Carboniferous Limestone (Upper): River 
Avon, below Kinneil Mill, Linlithgowshire ; Kennox Water, Dou- 
glas, Lanarkshire. 

Calciferous Sandstone: Coast near Randerstone, south of Kings- 
barns, Fifeshire. : 


12. Barrpra ampurata, Kirkby. Plate XXXI. figs. 15-18. 

Bairdia truncata, Kirkby, 1858, Ann. Nat. Hist. series 3, vol. 1. 
p. 433, pl. x1. fig. 4. 

Cythere amputata, Kirkby, 1859, Trans. Tyneside F. C. vol. iy. 
pp. 155, 156, & 167, pl. xi. fig. 22. 

We have a single specimen from Paiston Quarry, East Lothian, 
that apparently belongs to the Permian species Cythere amputata, 
Kirkby. But this example is larger and in better condition than any 
Permian specimens (casts) we have seen; and it shows in the over- 
lap of the right valve by the left, along the dorsal edge, and in the 
rostrated form of the posterior extremity, that the species is more 
properly placed with Bairdia than Cythere. 
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This Carboniferous specimen is relatively higher and has the dorsal 
border more angulate than Permian examples. It may be described 
as follows :— 

Elongately subpentagonal ; convex : length twice the height, which 
is greatest at the anterior third, from which point the dorsal border 
descends in right lines towards each extremity. Anterior extremity 
broad, truncated inwards; ventral border projecting (flap-like) at 
the anterior ventral angle, and sloping inwards behind towards the 
posterior extremity: this end of the valves is bluntly rostrated, 
the upper slope being deep and abrupt. Lateral contour lenticular ; 
greatest width about the anterior third, and more than one third of 
the length. Surface smooth. Length ;4 inch. 

B. amputata is a strongly characterized species. It can always 
be distinguished by the angularity of its general outline and its 
abruptly truncate anterior end. 

As a Carboniferous species, it has only occurred in the Lower Car- 
boniferous-Limestone shale of Paiston Quarry, East Lothian, where 
it was found by the officers of the Geological Survey of Scotland. 


13. Barrpra prmcrsa,n.sp. Plate XXXII. figs. 1-6. 


Ovately subrhomboidal, compressed; length less than twice the 
height. Dorsal border strongly convex, with the posterior slope 
much the deepest; the anterior slope forms an abrupt angle with 
the anterior extremity, which is broad and obliquely truncate in- 
wards and downwards ; ventral border straight ; posterior extremity 
rounded or slightly subangular. The left valve overlaps the right 
along the whole of its border, most strongly so dorsally and at the 
antero-dorsal angle. Lateral contour more or less wedge-shaped, 
the Ee width being at the anterior third. Surface smooth ? 
Length 4, inch. 

The specimens on which the preceding description is based were 
found in a thin limestone of the Calciferous-Sandstone series near 
Randerstone, Fife. Their outline somewhat resembles a reversed 
Leperditia; their mode of hingement, however, their truncated 
anterior end, and wedge-like lateral contour show that such like- 
ness is not real. 

This species has been met with only at the above-mentioned locality. 


14, Barepra nitmpa,n.sp. Plate XXXII. figs. 9-12. 

Elongately subovate; highest at the anterior third; rounded in 
front, tapering to a point behind ; very convex: length. two and a 
half times the height; width ereater than the height, - The dorsal 
border slopes gently downwards from the anterior to beyond the 
posterior third, whence it descends abruptly to form the posterior 
extremity; the ventral border is conyex. Overlap of the left valve 
moderate. Lateral poukaun tumidly lenticular, widest in the centre. 
Surface smooth. Length 5), inch. 

This neat and plump form of carapace has apparently no very 
near Carboniferous relations. Perhaps it approaches most closely to 
the mucronate forms of the genus. 

The only example which we have found occurred at Anstruther, 
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Fifeshire, in one of the thin limestones of the Calciferous Sandstone, 
about 3800 feet below the base of the Carboniferous-Limestone series. 
It was there associated with Beyrichia subarcuata and species of Spi- 
rorbis, Myalina, Macrocheilus(?), and Orthoceras. This, we believe, 
is the earliest appearance of Bairdie in Carboniferous strata. 


15. Barrpra crrcumcrsa, sp.n. Plate XXXII. figs. 13-16. 

Reniform, compressed ; length abouttwicethe height. Dorsal border 
arched ; extremities rounded, the anterior being the highest and most 
blunt; ventral border straight. Dorsal overlap of left valve strong. 
Lateral contour compressed in the centre, pointed at the ends; width 
rather over a fourth of the length. Surface smooth. Length ,, inch. 

The only example we have seen of this form is slightly injured 
near the anterior end, as shown in the figures. Its general outline 
resembles that of Cythere bilobata, Minster ; but that species is very 
convex, and has an incurved ventral margin. Buairdia equalis, 
D’Eichwald, seems to be a related form. 

From the Carboniferous Limestone (Lower) of Whitebaulks Quarry, 
near Linlithgow. The specimen belongs to the Geological Survey 
of Scotland. 


16. BareprA, sp.? Plate XXXII. figs. 7, 8. 


We have seen in the collection of the Geological Survey of 
Scotland the curious carapace from the Carboniferous Limestone 
(Lower) of Cowden’s Quarry, near Dunfermline, Fifeshire, that is 
represented by figs. 7 & 8, Pl. XXXII. It looks like a very much 
attenuated relative of B. precisa. It may probably be somewhat 
malformed ; for the postero-ventral region shows traces of injury. 
Until other examples turn up we forbear doing more than figure it. 


ConcLusion. 


The species of Bairdia we have described and figured in this 
paper are, it is believed, all that have been found in British Carbo- 
niferous rocks, with the exception of M‘Coy’s B. gracilis, about 
which little is known *. Two Bavarian species described by Count 
Minster (B. elongata and B. subcylindrica) have not yet occurred 
in Britain. Neither have four Russian forms described by D’Hich- 
wald?t, nor the Australian B. afjinis, Morris. Including these, 
there are twenty-three Carboniferous species belonging to the genus. 

Seven of these species are found recurrent in the overlying Per- 
mian formation ; but none of them are known to extend into Meso- 
zoic strata; and, excepting one doubtful instance ¢, none appear to 
be recurrent from the Devonian or Silurian rocks beneath. 

In the following Table we give a list of all the Palsozoic Bairdie 
known to us (omitting such as appear to be but varieties or syno- 
nyms), with references to figures of the species not noticed in this 
paper. The Table also shows the occurrence and recurrence of the 
species in the different subdivisions of the two upper systems of 
Paleozoic strata. 

* See Annals Nat. Hist. ser. 3, vol. xviii. p. 42 (1866). 


+ See also Ann. N. H. ser. 4, vol. xv. p. 52 (1875). 
{ D’Hichwald refers to B, curta as haying been found in the Old Red of Russia. 
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t Quoted from the Old Red Sandstone of Russia by D’Hichwald, ‘Lethxa 
Rossica,’ vol. ii. p, 1838, See Bigsby’s ‘Thesaurus Deyonico-Carboniferus,’ p. 26. 
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EXPLANATION OF THE PLATES. 


Puate XXVIII, 
(All the specimens are magnified 25 diameters.) 


Fig. 1. Bairdia curta, M‘Coy ; left valve of the original specimen, freed from 
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Fig. 1. 


Fig. 1. 
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matrix. Granard, co. Longford, Ireland. Fig. 2, ventral view of 
same. 

. B. curta; right valve and edge of left valve of a specimen belonging 
to Mr. John Young. From Brockley, near Lesmahagow. Fig. 4, yen- 
tral view of same. 

. B. curta, var. terebra; single right valve. Wyebourne, Cumberland. 

. B. curta; left valve. Settle, Yorkshire. 

. B. curta, var. bicornis; right valve of a specimen belonging to Mr. 
James Thomson. From West Broadstone, Ayrshire. 

. B. curta, var. deformis; right valve. Steeraway, Salop. In Mr. 
Charles Moore’s collection. 


. Bairdia plebeia, Reuss ; left valve. Newfield Quarry, High Blantyre. 


Fig. 10, dorsal view; fig. 11, ventral view; and fig. 12, end view 
of same. 


. B. plebeia; left valve. Newfield Quarry. 
. B. plebeia; right valve. Craigenglen, Campsie. 


. B. plebcia ; left valve, showing surface-ornament. Craigenglen. 


. B. plebeia; left valve of a gibbose specimen. Backwell, Somerset. 


Figs. 17 & 18, ventral and end views of the same. In Mr. C. 
Moore's collection. 


. B. plebeia; left valve of a small specimen. SBrocastle, South Wales. 


In Mr. C. Moore’s collection. 


. Bairdia ampla, Reuss; right valve. Hairmyres, Hast Kilbride. 


Figs. 21 & 22, dorsal and end views of the same. 


. B.ampla; cast of left valve, showing muscle-spots. Wyebourne, 


Cumberland. 
PLATE X XIX, 


(All the specimens are magnified 25 diameters.) 


Bairdia grandis, nu. sp.; left valve. Whorlton, Durham. Fig, 2, 
dorsal view of same. 


. Bairdia ampla, Reuss ; left valve. Whorlton. 
. Bairdia Hisingeri (Minster); right valve and edge of left valve. 


Craigenglen, Campsie. Fig. 5, dorsal view; fig. 6, ventral view ; 
fig. 7, anterior view ; and fig. 8, posterior view of the same. 
. B. Hisingeri; left valve. Craigenglen. 


. B. Hisingeri; right valve, with shell partly removed, showing impres- 


sion of muscle-spot. Craigenglen. 


. Bairdia mucronata, Reuss; left valve. Whorlton. 
. Bairdia submucronata, u. sp.; left valve. Bonshawburnhead Quarry, 


Dumfriesshire. 

. B. submucronata; left valve. Whorlton. 

. B. submucronata; right valve. Craigenglen. Fig. 15, ventral view; 
fig. 16, dorsal view; and fig. 17, end view of same. 

. B. submucronata; right valve. Carluke, Lanarkshire, 


PLATE XXX. 
(All the specimens are magnified 25 diameters.) 


Bairdia subelongata, n. sp.; left valve. Woodend Quarry, near Fordel, 
Fife. Fig. 2, dorsal view of the same. 

. B. subelongata; right valve. Ladedda Quarry, Fife. Fig. 4, ven- 
tral view; fig. 5, end view of the same. 
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Fig. 6. B. subelongata; right valve. Blinkbonny Quarry, Mid Lothian. 
7. B. subelongata; left valve. Ladedda Quarry, 
8. B. subelongata; right valve. Paiston Quarry, East Lothian. Fig. 9, 
ventral view of the same. 
10. B. subelongata; right valve, Newfield Quarry. Fig. 11, dorsal view 
of the same. 
12. B. Hisingeri (Minster), elongate variety; left valve. Craigenglen, 


14. 


16. 
17, 


Fig. 


Fig. 


Li 
18. 


Campsie. Fig. 13, dorsal view of the same. 

Bairdia subcylindrica (Minster) ; right valve of a Bavarian specimen 
from Tragenau, near Hof. Fig. 15, dorsal view of the same. 

B. subelongata, n. sp.; right valve. Pitlessie, Fifeshire. 

Bairdia subgracilis, Geinitz; right valve. Carluke, Lanarkshire. 


Prats XXXII, 
(All the specimens are magnified 25 diameters.) 
. Bairdia brevis, J. & K.; left valve. Kidlaw Quarry, Hast Lothian. 


. B. brevis; right valve. Inverteil Quarry, near Kirkcaldy, Fifeshire. 
. B. brevis; lett valve. The same locality. 

. B. brevis ; right valve. Abden, Kinghorn, Fifeshire. 

. B. brevis; right valve. Hast Salton, Hast Lothian. Fig. 6, dorsal 


view; fig. 7, ventral view; fig. 8, end view of the same. 


. Bairdia siliquoides, n. sp.; left valve. River Avon, near Kinneil 


Mill, Linlithgowshire. Fig. 10, dorsal view of the same. 
. B. siliquoides ; right valve. Same locality. 


2. B. siliquoides; left valve. Randerstone, Fife. Fig. 13, ventral 


view ; fig. 14, end view of the same. 


. Bairdia amputata, Kirkby; right valve. Paiston Quarry, East 


Lothian. 
B. amputata; left valye. Same locality. Fig. 17, dorsal view; 
fig. 18, end view of the same. 
Pratt XXXII. 
(All the specimens are magnified 25 diameters.) 


. Bairdia precisa, n. sp.; left valve. Randerstone, Fifeshire. 
. B. precisa; right valve. Same locality. 
. B. precisa; right valve. Same locality. Fig. 4, ventral view ; 


fig. 5, dorsal view; fig. 6, end view of the same. 


. Bairdia, sp; right valve. Cowden’s Quarry, Fife. Fig. 8, ventral 


view of the same. 


. Bairdia nitida,n. sp.; left valve. Anstruther, Fife. Fig. 10, right 


valve; fig. 11, ventral view ; fig. 12, end view of the same. 


. Bairdia circumeisa, n. sp.; right valve and edge of the left valve. 


Whitebaulks Quarry, Linlithgowshire. Fig. 14, left valve; fig. 15, 
dorsal view ; fig. 16, end view of the same. 

Bairdia ampla, Reuss; left valve, showing pitted surface. Hair- 
myres, Hast Kilbride. 

B. ampla, var. ; left valve, showing reticulated surface. Blinkbonny 
Quarry, Mid Lothian. Fig. 19, ventral view; fig. 20, end view of 
the same. 
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45, A Contrisvrion to Sourn-Ammrican Guotocy. By GrorcE 
Artwoop, Esq., F.G.8., Assoc.Inst.C.E., Mem. Am. Inst. M.E. 
With an Avpenpix by the Rey. Prof. T. G. Bonnuy, M.A., 
F.R.S., Sec.G.8. (Read June 25, 1879.) 


[Prars XXXTIL] 


Tuer paper which I have the honour to present to the Society, en- 
titled «« A Contribution to South-American Geology,” refers to a tract 
of country about 150 miles in length, commencing from asmall port 
called Puerto de Tablas on the Orinoco river in the State of Guayana, 
Venezuela, and taking a south-easterly direction into the interior as 
far as the Caratal Gold district, as shown on the Map (Pl. XXXIII.). 

Mr. Carlos Seigert, a German surveyor who has spent many years 
in the country, has lent me his notes in relation to the line of country 
I have surveyed and described ; and his observations confirm the map 
I have compiled. The elevations marked on the section have been 
computed by the aneroid and mercurial barometers, and they 
were carefully checked by the boiling-point test made with Casella’s 
hypsometers, as shown in the following Table (p. 583). 

After landing at Puerto de Tablas and climbing up the sandbank, 
large exposures of weathered rock-masses are seen. It is only after 
a careful examination that the rock is found to be crystalline and of 
igneous origin. Parallel lines of alteration are so distinct and so 
regular on the outer surfaces that, until the weathered portions have 
been broken off and the unaltered rock exposed, it is not possible that 
a definite conclusion can be arrived at. The rock presents a highly 
crystalline appearance, and consists chiefiy of felspar, with some quartz 

-and a dark green mineral. It contains 64°83 per cent. silica, and 6-80 
per cent. iron =protoxide 8-34 per cent., or peroxide 8°84 per cent. 
The rock may be called a syenite (with microline) ; but until Prof. 
Bonney kindly examined my microscopic slides I did not feel certain 
on the point, especially as I found the amount of silica to be unu- 
sually large and more than is generally found in syenites. 

On the south bank of the Orinoco river the syenite extends some 
50 miles east of the port of Las Tablas, and about 90 miles west, as 
far as the city of Bolivar, near which place a granitoid rock appears, 
and further west a true granite. 

Having left the river, “the road” * takes a south-easterly direc- 
tion, and passes over about two miles of tableland, the rocks being 
syenitic and the samo as those found at Las Tablas. 

An open plain, called by the natives ‘“‘ sabanah,”’ has then to be 
crossed, and a change in the rocks occurs. ‘The rock is of a greyish- 
white colour, and consists of felspar, quartz, mica, and a little oxide 
of iron ; it contains 71°50 per cent. silica, and 2°75 per cent. iron= 
peroxide 3°57 per cent. 


* T call ‘‘the road” the course taken by myself from the river to the interior. 
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The rock may be called a “ highly felspathic granite.” Leaving 
the sabanah, which extends about six miles in width, the tropical 
forest commences and continues until the town of Upata is reached. 

About two miles beyond the commencement of the forest a beautiful 
granitoid rock, full of garnets, takes the place of the felspathic gra- 
nite. It contains 48°50 per cent. silica, and 11-50 iron=peroxide 
14:95 per cent. This rock is found for about 4 miles, and also near 
a ranch called San Juan. At the crossing of the Upata river rocks 
of a schistose micaceous character are met with. They are of a 
white colour with dark specks, and consist of quartz, felspar, and 
mica. These rocks are then followed to Las Corales (552 feet above 
sea-level, seo Pl. XX XIII.), the road still winding its way through 
the forest. 

At Las Corales a change in the rock is found, and highly felspathic 
eranite again comes in. No change of decided character in the rock 
is found until the village of Alta Gracita is reached. The rock on the 
summit of the mountain-pass (of the mountain called Moyori) is 
found to contain much less mica than at the base of the mountain ; 
but as the rock on the pass is highly weathered, no great attention 
was paid to the fact. The last-named pass is the highest point in 
elévation but one found in my section, being 1298 feet above sea- 
level. 

About a quarter of a mile 8.E. of Alta Gracita large masses of 
ferruginous quartzite are met with, and in places they are found to 
be stratified. Hematite and magnetic iron-ores of great purity 
occupy more than two miles in length. In places pyrrhotite is met 
with ; the bronze-yellow and copper-red colour on the fresh fracture 
of the mineral is sufficient to distinguish between it and pyrite 
without the aid of a magnet. 

Upon approaching the old Spanish town called Upata, situated on 
the Upata river (a stream that finds its way into the Orioco), and 
1165 feet above sea-level, a change of rock occurs. The rock is a 
crystalline one and consists of rather irregularly formed grains of a 
felspar and a greenish mincral. Prof. Bonney pronounces it to be 
igneous, and calls it a quartz diorite. 

Continuing the journey in a south-easterly direction, the quartz 
diorite extends about eight miles, when a ferruginous quartzite 
comes in, and extends for nearly ten miles. 

Some stones taken as an average sample were found to contain, 
by analysis, silica 50 per cent., iron 35-00 per cent.=peroxide 45°50 
per cent. For several miles these deposits of hematite were found 
stratified, having a 8.H. strike and dipping 8.W. at an angle of 70°. 
Large masses of pure magnetic iron-ore were also found; anda large 
area comprising from seven to eight miles was found composed of 
the mixed iron-ores. 

On approaching the base of the mountain called Mano Piedra, the 
quartzite contains but a small quantity of iron, and finally gives 
way to a belt of about half a mile in width of quartz breccia made 
up of very coarse angular fragments. The breccia is then replaced 
by a beautiful granite consisting of pink quartz, mica, and felspar. 
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The mountain-pass cver Mafio Piedra is 1441 feet in height. 
Granite continues for about five miles, when a dike of basalt about 
one mile in breadth is found on the §.E. side of the mountain. Near 
the base of the mountain quartz breccia is again met with, and is 
about two miles in width, and of a similar character to that found 
at the N.W. base. A schistose granite is now found consisting 
of white quartz, felspar, and mica. At the farmhouse of La 
Florida (see Map) a stratum of slate-rock of a reddish colour, mode- 
rately weathered, but much altered, crops up, having an east and 
west strike, and dipping nearly vertical, but having, if any thing, a 
slight inclination to the south. Near the above is found a large 
quartz vein, containing pyrite, which is often decomposed. No 
minerals of value have been found in it so far. Proceeding still in 
a §.K. direction, the rock is again found to be granite, but having a 
schistose character. Large veins of quartz resembling reefs are 
found about every half-mile, and the quartz fragments are scat- 
tered to such a great extent over the hills and valleys that travelling, 
even on foot or on horseback, becomes tedious as well as dangerous. 
The country is now more open, very few large trees are met with, 
and but little vegetation is seen. 

Granite still continues. 

Upon reaching the Carichapo river close to the farmhouse called 
Candelaria (see Map and section), a belt of coarse slaty rocks about 
one mile in thickness is found cropping out, having an E. and W. 
strike and a slight dip to the 8S. From Candelaria to a farmhouse 
called Platanal, a distance of about twenty-four miles, a greyish- 
white granite prevails, and in it are numerous quartz veins. At 
present none of them have been found to contain any of the precious 
metals. 

For about one half the latter distance the road goes through the 
forest. Leaving Platanal(961 feet above sea-level) the greyish-white 
granite is still found, and continues until the farm of Cunuri is 
reached. 

Cunuri is 783 feet above sea-level, and is distant about twelve 
miles from Platanal. The road has a gradual descent from the latter 
place over an open rolling country composed of granite, in which 
barren quartz veins are numerous. Near Cunuri a small belt of 
mica-schist is found dipping nearly vertical, and having an KE. and 
W. strike. A small belt of gneiss is now met with. Adjoining it 
is a narrow belt of quartzite of a highly indurated, saccharoidal 
character. 

From Cunuri to the old Jesuit mission village called Quacipati 
the same greyish-white granite is the predominant rock ; but about 
a quarter of a mile on the N.W. side of the town granite disappears 
and a fine-grained gneiss takes its place. It contained silica 72°50 
per cent. About one mile to the 8.K. of Quacipati, granite reappears 
and continues to the Yuruari river. The Yuruari is one of the 
main branches of the Essequibo river, which empties itself into the 
Atlantic Ocean near Georgetown, Demerara (British Guayana). On 
each side of the river (Yuruari) is found a stratum of coarse slaty. 
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rocks, highly ferruginous and much altered. The extent of the same 
is not over a quarter of a mile in width, and then a rock is found 
with a green and dullish black crystalline mineral, and carrying a 
small quantity of iron sulphides. It contains 51:15 per cent. silica. 
The specimens which I was able to collect are considerably wea- 
thered, but the characteristic features are those of gabbro. It con- 
sists of saussurite and diallage, and is sometimes coarse-grained, 
fine-grained, or compact. When polished it has both a slaty and a 
spotted appearance. Prof. Bonney states that the specimen I sent 
him for examination “ has once been a gabbro.” 

Within one mile of the Potosi Company’s office the gabbro gives 
way to a greenish-coloured rock, very compact and fine-grained, 
consisting of felspar, augite, and chlorite, and containing small 
quantities of magnetic iron, also traces of iron and copper sulphides. 
The rock has been called a diabase. 

To show the effect of weathering and the chemical difference 
produced in the composition of this rock, I have had three com- 
plete analyses made from one stone; and as the three different por- 
tions analyzed show distinct lines of alteration, and as they are all 
from one compact stone, the results have proved of interest. 


Three analyses made from one piece of diabase rock found at the Po- 
tosi Company’s Mines (Spanish Guayana, Venezuela, S. A.), to 
show the difference in chemical composition between the portions 
weathered and the portion unaltered. 


Highly 
Unaltered. Weathered. Weathered. 

SITIO Wi ON Hee te URES Sa ene 49°57 41°77 43°46 
PANNE ca scee tn shoi cs Nags amesteuite 1a 15:37 19°34 18°39 
Peroxide of iron ,......... ee 13°21 20°43 
Brotoxide Of MOM ioe pag. + 12°34 4-63 
Protoxide of manganese.... traces. traces. traces, 
WopPelar tired cies ncwsie oosnels cee traces. traces. traces. 
JErhaaYey meen nie cis Seer eee 9°65 4-98 2:37 
IMI OMeSIAN We, pot astute SuseRccsaps TAL 501 3°46 
OLAS Mie mas alee ube toes 0-85 0-69 0°59 
SOs Ea aS aN cnn ant rene 1:99 0°33 0-14 
PUNT ee tlaee tbe eh ct dad le trace. trace. trace. 
WHTORING prea. sy vtacnweuens elders trace. trace, trace. 
Phosphoric acid fies Gin none. none. none. 
Water (combined) ........ 3°10 7°30 7:95 
Water (hygroscopic) ...... 0°17 2°55 3°39 


100-45 100-31 100-18 


N.B. The above analyses were made at the Metallurgical Labo- 
ratory at the Royal School of Mines, Jermyn Street. 


The loss of silica resulting from weathering compared with the sta- 
bility of alumina shows that silica is much more liable to atmospheric 
action than alumina. 
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The iron which exists in rocks contains more oxygen when the 
rocks have been exposed to the atmosphere, or when they occur near 
the surface, than when the rocks are found some depth below the 
surface and sheltered from the weather. The unaltered rock con- 
tained 12:34 per cent. of protoxide of iron and no peroxide, whilst 
the highly weathered contained no protoxide but all peroxide. 

Lime shows itself to be readily soluble, the unaltered rock haying 
contained 9°65 per cent. of lime and the highly weathered only 2:37 
per cent. 

Magnesia also is proved to be readily carried away by the wea- 
thering, but not in the same ratio as the lime. 

Potash and soda are very sensitive to weathering, but soda much 
more so than potash. 

The quantity of combined as well as the hygroscopic water in the 
unaltered and the weathered and highly weathered portions proves 
that rocks contain a larger quantity of water both combined and un- 
combined when they are exposed to the atmosphere than when they 
are sheltered from its influences. 

The diabase rock occupies a large area, and in it are found the 
gold-producing veins of the Caratal mining-district. The veins are 
very quartzose and numerous, and all contain gold; but, owing to 
the present high rate of wages and the great cost of procuring sup- 
plies from the Orinoco river, only eight or nine of the richest are 
now being worked. 

The Chile vein is one of the principal ones; and it has been traced 
about one mile in length. It has a dip of 55° to the south, and an 
E. and W. strike ; it averages in thickness about 4 feet, and is a true 
fissure vein. The yield of gold at 200 feet in depth gave between 
five and six ounces of standard gold to the ton (2000 lb.), whilst 
near the surface it only turned out about one ounce per ton. A 
large quantity of gold was extracted in the form of nuggets and 
small grains by washing in wooden bowls (bateas) the alluvial soil 
in the vicinity of the outerops. The present yield of gold from the 
Caratal and Las Pastora mining-districts is about 130 ,000 ounces 
per annum ; but it is rapidly increasing as the country is becoming 
more populated. 

About 30 miles due west from Potosi a new district has lately been 
opened ; large quantities of gold nuggets have been found close to 
the surface in the alluvial soil, and gold-bearing veins have been 
discovered near the washings. The rock is diabase and similar to 
that of the Caratal district. 

Conclusion.—lt is a remarkable fact that although quartz veins 
are found in great numbers all the way from the port of Las Tablas to 
the Caratal mining-district, yet none of them have so far been 
found to contain the precious metals, z. ¢. in any appreciable quantity, 
until the diabase is met with. 

All the rocks analyzed show a higher percentage of silica than is 
generally found. 

The independent examination made by Prof. Bonney, from micro~ 
scopical sections alone, as to the character of the rocks agrees closely 
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with the observations made by myself in the field, and also with the 
analyses previously alluded to. 

It is not improbable that many minor details are omitted in my 
section, considering the difficulties under which the observations were 
made, my sole object being to explain the general geological features 
of a comparatively little-known district. 


Note on some Rocks from Sourm AMERICA. 
By the Rey. Prof. T. G. Bonnny, M.A., F.RB.S., Sec. G.S. 


1. (Near Potosi, p.586.) This rock has been much altered. The 
following constituents are present :—(a) crystalline grains composed 
of earthy-looking granules and minute, rather fibrous microliths, 
showing light colour with the two Nicols, being one of the decompo- 
sition pseudomorphs after felspar, often called saussurite ; (b) augite 
and diallage, more or less converted into hornblende and a chloritic 
mineral; (¢)iron peroxide, probably ilmenite ; (d)a little apatite. The 
general aspect of the saussuritic grains suggests that the felspar has 
been plagioclastic. Of the pyroxenic mineral the greater part is 
altered, being converted into hornblende with strong dichroism and 
very characteristic cleavage, associated with which are smaller more 
fibrous forms, some of which are probably varieties of hornblende, 
others rather more resemble chlorite. Portions of the diallage and 
augite remain unchanged in many of the grains; both minerals ap- 
pear to be present. One or two serpentinous-looking aggregates 
may possibly replace olivine. We may venture to say that the rock 
has once been a gabbro, in which the pyroxenic constituent has 
been almost wholly converted into hornblende, as has not seldom 
happened*. 

2. (Quacipati, p. 585.) The ground-mass of the rock consists 
chiefly of minute grains of quartz, looking as if fused together. In 
this are scattered many small grains of epidote and scales of mica. 
Of the latter there appear to be two kinds—one having its darkest 
tint an olive-green, rather strongly dichroic; the other nearly colour- 
less, and showing brilliant tints with the two Nicols, rather like para- 
gonite ; indeed these two types of mica are common in the granitoid 
eneiss of the St. Gothard. In this ground-mass are several crystal- 
line grains, not very clearly defined in outline, and containing the 
epidote and mica-granules. One or two rather resemble kyanite ; 
but, as far as I can make out, they are only felspar, and two or three 
suggest plagioclase. The rock is a metamorphic one, a kind of fine- 
grained gneiss. 

3. (Cunuri, p. 585.) Consists mainly of hornblende grains rather 
irregular in form, with characteristic cleavage and strong dichroism ; 
but associated with these, and apparently partially replaced by them, 
is a mineral which, from absence of dichroism and general aspect, 
more resembles decomposing augite. There are a good many grains 
of quartz and some of decomposing felspar. The rock appears to be 
a hornblende schist with but slight traces of foliation. 

* Quart. Journ. Geol, Soc. vol. xxxiii. p. 896. 
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4, (Cunuri, p. 585.) A gneiss, though but little foliated: consists 
of quartz, felspar, mica, and epidote, with a little sphene, iron 
peroxide, and a few other microliths. The quartz is rather free 
from cavities and enclosures, what there are being very minute. 
The felspar is in rather irregular grains; orthoclase appears to pre- 
dominate, some showing cross-hatched structure. Several grains 


of felspar show twinning, by a series of rather faint bands of a 


darker tint. The mica appears to be biotite. One or two of the 
microliths may be apatite, others are short belonites of a very 
pale greenish, almost colourless, mineral (? hornblende); there are 
also a few specks of a secondary mineral, probably zeolitic. In 
general microscopic character this rock resembles a slide in my 
collection from a specimen collected at Godhaven, Disco Island, and 
its aspect is one which I have often noted in very ancient rocks. 

5. (Mano Piedra, p. 585.) <A basalt; small crystals of plagio- 
clase and clustered grains of augite, with iron peroxide, mostly 
ilmenite. I do not see any olivine. 

6. (Between Upata and Mano Piedra mountain, p. 584.) A ferri- 
ferous quartzite, consisting of subangular grains of rather clear 
quartz and of opaque iron peroxide, probably magnetite and 
ilmenite, in proportion of about two to one. Some of the smaller 
erains of peroxide are included in those of quartz ; the larger occupy 
interstices and are more irregular in form than the latter. A few 
of the little colourless microliths mentioned above (4) are present 
in the quartz, as well as some tufted trichites. A fair number of 
minute cavities are to be seen in the quartz ; they seem not to contain 
any fluid. 

7. (Upata, p. 584.) A crystalline rock consisting chiefly of rather 
irregularly formed grains of a felspar and a greenish mineral. The 
fomer is generally, if not always, a closely twinned plagioclase, and is 
remarkable for containing very numerous microliths ; these are pris- 
matic in form, resembling prisms of the monoclinic system, but gene- 
rally a little distorted, so that it is difficult to ascertain the exact shape 
of the section*; they are, on an average, about :01in. in length, and 
four or five times as long as broad. Asarule, they are arranged paral- 
lel to a twinning plane, and so probably lie in the brachydiagonal. 
The green mineral is rather intermediate in character between augite 
and hornblende; it is inirregular rounded grains; in texture it seems 
intermediate between fibrous or platy and granular, approaching in 
some respects to epidote; the cleavage is rather imperfect and not 
very characteristic, on the whole perhaps rather nearer that of 
augite, and is sometimes platy, rather like diallage. The mineral 
is very distinctly dichroic, sections roughly basal being pale brown, 
roughly prismatic pale olive-green ; the latter changes little in tint ; 
the former takes almost that of the other section, when the plane 
of polarization of the transmitted light is changed. This mineral 
occurs in a slide of eclogite from Eppenreuth in my collection, and 


* Similar microliths oceurin a felspar in no. 4, and in one in a gneiss from 
Ceylon in my collection. 


+ In two or three cases the grains seem to have imperfectly developed angles. 


Q.J.G.8. No. 140. 28 
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is probably omphacite; irregular grains of iron peroxide are also 
present, with quartz and a little apatite. Macroscopically this rock 
closely resembles, and microscopically is almost identical with, one — 
in my collection brought from Holsteinburg in South Greenland by 
Mr. P. H. Carpenter, and is nearly related to a specimen (locality 
unknown) given to me by Prof. Rupert Jones. The structure is 
rather abnormal ; but I think it must be an igneous rock, and thus 
is a variety of quartz-diorite. 

8. (Puerto de Tablas, p. 582.) A crystalline rock consisting chiefly 
of felspar with some quartz and a dark green mineral. The greater 
part of the slide is very characteristic microcline, with numerous wavy 
fibres of interbanded albite, as figured by Des Cloiseaux*. Minute 
enclosures are present, some opacite, some hornblende (?) microliths 
or opaque belonites, commonly arranged so as to cross at angles 
of about 60°, and roughly bisected by the albite bands. The green 
mineral is yery dark in colour, fairly strongly dichroic, and shows 
one very decided cleavage; it seems rather altered, and perhaps is 
partly replaced by a chloritic mineral; but, though not very cha- 
racteristic, it is probably hornblende. There are some grains of iron 
peroxide (some being hematite), and ferruginous stains are frequent ; 
also two or three grains of epidote and a little apatite (?). The rock 
appears to be of igneous origin, and so is a microclinic syenite. 

9. (Potosi Mines, p.586.) Much decomposed, but appear to have 
consisted of plagioclase felspar, augite, and ilmenite : the felspar isnow 
replaced by a saussuritic mineral; the augite rather decomposed, 
stained, and replaced by groups of microliths ; the ilmenite also much 
decomposed. The rock evidently has been a fine-grained dolerite, and 
for convenience may now be roughly grouped with the diabases. 


* Zeitschr. deutsch. geol. Gesellsch. (1875), vol. xxvii. p. 956. Not being at 
the time familiar with the aspect of microcline, I submitted this specimen to 
T. Davies, Hsq., F.G.S. (to whose extensive knowledge of minerals I have so 
often been indebted), and he pronounced it undoubtedly microcline, 
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Fig. |. Map showing the Course of the Orinoco River from Barrancas to the Gly of Bolivar and. the line of section described. 
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46. On the Dinosavria of the CamBripce GREENSAND. By Professor 
H. G. Sentry, F.R.S., F.G.S. (Read December 18, 1878.) 


[Puates XXXIV., XXXYV.] 


Intropuctory Norte. 


THE remains of Dinosaurs were for many years very rarely met with 
in the Cambridge Upper Greensand ; and several important parts of 
the skeleton have never yet been found. But a considerable collec- 
tion of more than 500 bones is now preserved in the Woodwardian 
Museum alone; and since the greater number of these fossils have 
been discovered in larger or smaller sets of naturally associated 
remains, each of which is obviously a portion of the skeleton of a single 
individual, they afford evidence on which it is possible to establish 
many species which belong to several genera. Occasionally the 
series of remains is sufficiently large to give grounds for a con- 
jectural reconstruction of the animal; but more frequently the 
bones are limited to a few caudal vertebree; and even the larger 
sets of associated bones come chiefly from the caudal and sacral 
regions of the vertebral column. With the exception of Macruro- 
saurus, already described*, and also known from a long sequence 
of large caudal vertebre, all the remains indicate animals of small 
or of moderate size, varying between the magnitudes of a sheep 
and an ox. The majority of the species were characterized by pos- 
sessing comparatively short tails; though one animal, at least, had 
a tail in which the vertebree were more than usually elongated. 
These remains possess a peculiar interest in being the latest known 
representatives of the Dinosauria in British geological deposits ; and 
they help to define the limits within which the osteological structure 
of the order varied and persisted in that organic type. 

The literature of British Upper Cretaceous Dinosauria is very 
scanty. Professor Owen, in 1860, figured in the Paleeontographical 
Society’s monograph (2nd Suppl. to Jguanodon, pl. vii. figs. 15-17) 
two Dinosaurian teeth from the Cambridge Greensand, one of which 
resembled Hadrosaurus, while the other was like Jguanodon. Ihave 
never seen either specimen, and, so far as I am aware, no other 
Dinosaurian teeth have ever been met with; they were, I believe, 
the property of Mr. Beddome, of Trinity College, who, when at 
Cambridge, made considerable collections of vertebrate fossils. These 
teeth would now be invaluable, because I am not acquainted with 
any English Greensand skeleton which I should be disposed to 
identify with either Iguanodon or Hadrosaurus ; and the teeth, with- 
out actually pertaining to those genera, may perhaps indicate the 
directions of the affinities of some of the Cambridge species. The 
next contribution to knowledge is Professor Huxley’s classical paper 
on Acanthopholis, from beds just above the Greensand at Folkestonet. 


* Quart. Journ. Geol. Soe, vol. xxxii. p. 440. + Geol. Mag. vol. iv. p. 65, 
282 
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That brief memoir clearly sets forth the leading characteristics of 
an armoured genus which is well represented at Cambridge. It 
may, perhaps, have been that other Dinosaurs were protected by 
armour undistinguishable from that of Acanthopholis, and that some 
of the Cambridge Dinosaurs were not weighted with these dermal 
plates. There is, I think, evidence to show that the plates were 
arranged in some of these species in one median row placed over 
the neural spines of the vertebrae, with lateral rows of plates, which 
I infer to have been relatively few and large, and placed somewhat 
alter the manner of the scutes of a Crocodile*, but in the tail and 
limbs to have conformed to the plan of the land Chelonia. 

As doubts have from time to time been expressed as to whether 
some of the fossils of the Cambridge Greensand might not have been 
derived from the waste of underlying deposits during its accumu- 
lation, and consequent uncertainty has been freely expressed by 
some writers as to the possibility of bones collected from day to day 
being naturally associated portions of the remains of one animal, it 
may perhaps here be useful to state once for all what the evidence 
is upon which the association of these vertebrate fossils is accepted 
as a basis for specific and generic characters. Almost every phos- 
phatite digging presents fossils with a mineral character peculiar to 
the locality, so that a trained observer who has carefully watched 
these workings for years finds it possible to identify the localities 
of many specimens on this evidence almost with certainty; and 
the chances of imposition by wilful deception are small. Then, in the 
cases of some Plesiosaurs and Ichthyosaurs, I have been present at 
the workings when associated portions of skeletons have been found, 
so that I can state from my own knowledge that naturally associ- 
ated portions of single animals are met with; and often we have 
had to wait for months for the neck of an animal of which the body 
has been found, until the overlying rock was removed so that the 
bones could be collected. The circumstance that private collectors 
rarely obtain associated sets of bones is explained by the necessity 
of being on the spot and watching the workings several times a day, 
so as first to obtain the bones direct from the diggers, and, secondly, 
to obtain any that the diggers may have overlooked, after the phos- 
phatic nodules have been washed in the mills, when the fossils are 
detected if they are strong enough to resist attrition. For a long time 
associated series were limited to portions of one region of the body, 
because the collector was content with the produce of a single washing; 
and it was not until Mr. William Farren employed Mr. Pond, an 
experienced foreman of phosphatite-washers, to devote his whole time 
to visiting the phosphatite-washings about Cambridge, with the 
purpose of collecting the whole of the fossil Vertebrata, that it was 
proved that the bulk of the remains occur as naturally associated 


* A brief account of some 376 Dinosaurian bones from the Cambridge 
Greensand is given in my ‘ Index to Fossil Remains of Aves, Ornithosauria, 
and Reptilia,’ 1869, pp. xvii, 18-24. The bulk of the remains were then 
referred to three new species of Acanthopholis; and since that date the Macru- 
yosaurus semmus has been described and figured in the Journal of this Society. 


THE CAMBRIDGE GREENSAND. 593 


portions of skeletons of single animals, and that scattered or 
isolated bones are comparatively rare. It rarely happens that any 
pit yields more than three or four skeletons. These are almost 
always of different species; they generally occur at considerable 
intervals of time; and if an animal happens to lie in the line in 
which the rock is being worked its remains are collected in a few 
minutes, while if it is at right angles to the working it will have to 
be watched for bit by bit as the excavation progresses. In ar- 
ranging these Dinosaurian and other fossils in the Woodwardian 
Museum, I have occasionally had to reject an accidental Ichthyo- 
saurian or Plesiosaurian fragment found with a Dinosaur; but I 
hardly ever remember evidence of two Dinosaurian skeletons being 
mixed together. And when this has occurred the circumstance 
could be traced to the fossils having been indiscriminately purchased 
and mixed by the engineer at the works, or only collected after 
having been triturated in the mills. 

There is no doubt that some of the bones in the Cambridge 
Greensand have suffered from attrition, and it is probable that the 
apparently worn condition of the bones has led to the belief that 
they were derived from some older formation ; but not only is a 
similar fauna unknown in any older formation, but it occurs well 
developed on this horizon at Gosau, in Austria. Moreover, the bones 
are much less worn than is often the case with specimens from the 
Wealden deposits of Sussex ; and no one has ever suggested that the 
Wealden fossils are derivative. And in so far as the Cambridge 
Greensand specimens are worn, it is probable that the greater part of 
the abrasion has been produced in the washing-mills at the several 
diggings after the specimen had been dug out from the bed. In 
many cases, however, this explanation will not apply; and bones 
occur which have roughened edges, roughly fractured surfaces, and 
considerable holes penetrating into their substance. These circum- 
stances led me to institute experiments on the effects of exposure of 
bones to the air and subsequent maceration as influencing their con- 
dition of preservation ; and I have found the articular ends especially 
to suffer from exposure, while under maceration the bones become 
so brittle that they are fractured with slight movement. In the 
case of land animals, such as Dinosaurs, both these conditions may 
well have exercised an influence; and what has hitherto been re- 
garded as evidence of wear scems to me better explained in this 
way. Many associated bones are decomposed, past all recognition, 
on the exposed neural surfaces; while the ventral surfaces which 
rested on the sea-bed yield valuable distinctive characters. 

I yenture now to submit to the Geological Society some account of 
the structure, affinities, and systematic position of this Dinosaurian 
fauna ; and I desire to express my grateful sense of the kindness of 
Prof. Hughes in affording me facilities for studying the Wood- 
wardian Dinosaurs, and my indebtedness to the Council of the Royal 
Society for assistance in carrying on this investigation. On the 
present occasion I offer descriptions of a few only of the typical 
Dinosaurs of the deposit. 
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Parr I. 


Note on the axis of a Dinosaur from the Cambridge Greensand, 
preserved in the Woodwardian Museum of the University of 
Cambridge (fig. 1). 

The more important bones which are absolutely distinctive of the 
Dinosaurian skeleton, such as the pelvis, astragalus, &c., have not 
been met with from the Cambridge Greensand ; and though there 
have been obtained from that formation a large number of isolated 
and associated bones, which belong to several extinct genera, each 
haying more or less in common with the described types of Dino- 
saurs beyond all question referable to the group, there is probably 
no bone more characteristic of the order than a badly preserved 
example of the second cervical vertebra. This solitary specimen is 
the result of more than a quarter of a century of zealous research, 


Fig. 1.—Awis of Acanthopholis ?, nearly nat. size. 


o. Odontoid process. 
p. Pedicle of centrum supporting the neural arch, below which are the articu- 
lations for the rib. 
pt. Posterior articular surface of centrum. 
carried on by many collectors under opportunities which have never 
been surpassed; and therefore, though it only confirms, under certain 
generic differences, the characters of the axis from the Wealden de- 
scribed by me some time ago*, itseems worthy of a brief memorandum 
as showing that the Dinosauria retained this typical characteristic 
to so late a geological period as the Cambridge Upper Greensand. 
The state of preservation of the fossil would suggest to me that 
it was probably found in the neighbourhood of Haslingfield. The 
neural arch is not preserved, and but little remains of the external 
hard film of bone; but although this is lost, and the cancellous tissue 
is almost everywhere exposed, the close resemblance of its form to 
the centrum of the Wealden axis strongly suggests that this con- 
dition is more likely to have resulted from prolonged exposure to 
the air, or from maceration, coupled perhaps with the action of sol- 
vents in the water, than to have been produced by attrition, though 
the marks of wearing are also observable. Therefore the specimen 


* Quart. Journ. Geol, Soc. yol. xxxi. p. 461. 
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is more valuable as an evidence of form of the centrum than might 
at first sight appear, obscured though its surface is with small 
adherent masses of phosphatite, marl, oysters, and the shelly base 
of a Gorgonia-like polypary. 

The striking features of the specimen are :—(1) the evidence that 
the neural arch was supported on pedicles of the centrum (fig. 1, p); 
(2) that the upper tubercle for the rib, usually called a diapophysis, 
was supported on this pedicle, and not on the neural arch itself; (3) 
the form of the odontoid process, which is compressed from below 
upward, and is almost a third of the length of the vertebra ; (4) the 
form of the centrum, which is wide and depressed in front, and 

®narrower, deeper, and subhexagonal behind ; (5) the obliquity of 
the posterior articulation, which extends further backward at its 
ventral than at its neural border ; and (6) the absence of all indica- 
tions of a separate wedge-bone element beneath the anterior articula- 
tion,—the last point being perhaps the most interesting of all, because 
the Upper-Greensand Ichthyosaurs and Plesiosaurs similarly cease 
to have this ossification marked either by form or suture in the axis, 
although it is a characteristic separate element of the skeleton in the 
species which represent those orders in the older Secondary rocks. 

The extreme length of the vertebra is 24 inches. The length 
along its neural border is about 2,3, inches ; “put, owing to the ex- 
cayation of a large vertical space for the atlas below the odontoid 
process, the length along the ventral surface is only 1,8, inch. The 
neural canal is smooth, relatively large, and excavated in the 
centrum as_a half-cylinder, which is ;8; inch wide in the hinder part 
of the vertebra. ; 

The anterior articulation for the atlas is vertical and subreniform, 
concavely impressed below the odontoid process, so that its veniral 
margin was prominent. This concave area is 58, inch wide, and 
is margined laterally by slight eminences, external ‘to which the bone 
is again concave. The odontoid process (fig. 1, 0) is slightly worn 
at its extremity and on its neural surface, but extends forwards in 
a broad wedge shape, also compressed from below upwards to some 
extent. The transverse measurement of the anterior face of the 
vertebra is 12 inch, vue its vertical measurement, from the 
neural canal downwards, i is =% inch. 

The posterior articulation, as already remarked, is inclined for- 
ward (fig. 1, pt), is well cupped concavely, is a regular hexagon in 
outline, and is wider than the part of the centrum anterior to it. 
Its articular margins are a little worn; but it measured fully an inch 
from the Ce to the ventral surface, and each side of the hexagon 
was about 5°, inch long. 

The basal surface appears to have been flat from front to back, 
though its anterior margin is slightly worn. The articulations for 
the rib were placed much as in the Wealden specimen already de- 
scribed (Q. J. G. S. vol. xxxi. p. 461), except that in the Green- 
sand fossil they are both relatively rather higher on the side of the 
centrum, and the parapophysis extends rather nearer to the anterior 
articular margin. 
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This specimen may be referred provisionally to Prof Huxley’s 
genus Acanthopholis, though there is no certain evidence of its 
generic determination ; its occurrence would justify the anticipation 
that this type of axis will be found to characterize all Cretaceous 
Dinosaurs. It is, however, remarkable that in Zanclodon the rela- 
tions of the axis and the centrum of the atlas are entirely Croco- 
dilian, and that the forms of the bones are so absolutely similar to 
the same elements in a Crocodile as to add a new element to the 
affinities of the Dinosauria, as indicated by this portion of the verte- 
bral column. 


Parr Il. 


On the Vertebral Characters of Acanthopholis horridus, Hualey ; 
from the base of the Chalk Marl near Folkestone (figs. 2 & 3). 


Prof. Huxley’s account of the remarkable Cretaceous Dinosaur 
named Acanthopholis* is the basis for all future comparisons in 
estimating the affinities of the allied types which I am about to 
describe, some of which belong to species of the same genus, and 
others to genera all more or less nearly related. The most striking 
of the remains from the Cambridge Greensand are often portions 
of vertebral columns; and as the vertebree of Acanthopholis have 
not hitherto been figured, it becomes necessary to add to the original 
description of the genus some account of these remains, part of 
which are in the Museum of the Geological Survey, while others are 
in the British Museum. As these remains were found at the same 
time they probably belong to one individual. Altogether there are 
hardly more than six or eight vertebrae, which give characters of 
the dorsal and early and later caudal portions of the series. 

Dorsal Vertebrw.—The dorsal vertebra of Acanthopholis was briefly 
described by Prof. Huxley (Geol. Mag. 1867, vol. iv. p. 66). It 
is preserved in the Museum of the Geological Survey. 

The anterior articular end of the centrum is 2 inches deep from 
the neural canal to the base, is vertically ovate in outline, 1,8, inch 
wide in the middle, and 1,4, inch wide at the upper part below the 
pedicels for the neural arch. The margin of the centrum is im- 
perfectly preserved, and the flattened face is slightly concave. 

The length of the centrum is 2,1, inches. The sides and base of 
the centrum are rounded from above downward. There is a very 
faint median ridge at the base, making the bone less concaye from 
front to back than at the sides. The width of the middle of the 
centrum from side to side is 1,%, inch, and the width at the base of 
the neural arch in the middle of the centrum is 1,4, inch ; the depth 
from the base of the neural canal to the base of the centrum is 1,5 
inch. The neural canal is narrow with parallel sides; in front it 
is =, inch wide, and causes the centrum to project slightly below it 
anteriorly. The canal is deeply excavated in the bone. The con- 
dition of preservation of the specimen gives no indication of a suture 
with the neural arch, which probably existed. 


* Geol. Mag. 1867, vol. iv. p. 65, 
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Early Caudal Vertebra (fig. 2).—The early caudal vertebra might 
be about the third. It has the centrum rather short, with the 
articular surface subcircular in front, and larger and subquadrate 
behind. The neural arch is moderate, with the compressed spine 
directed upward and backward; and the prezygapophyses extend 
outward in a V-shape, anterior to the face of the centrum. The 
transverse anchylosed caudal ribs are compressed from above down- 
ward, and directed outward and a little downward. 


Fig. 2.— Early Caudal Vertebra of Acanthopholis horridus, one half 
nat. size. (From a specimen in the British Museum.) 


a. Anterior view. 6. Left lateral view. 


The centrum, as in the early caudals of Scelidosaurus, has an 
aspect of leaning obliquely forward, partly owing to the articular 
surface for the chevron bones causing the posterior articulation of 
the vertebra to extend below the anterior articular margin, and 
partly in consequence of a real obliquity, as indicated by the angles 
made by the articular faces with the neural canal. The margins of the 
articular faces are apparently worn a little or roughened by de- 
composition. ‘The antero-posterior measurement of the centrum is 
1,5 inch below the neural canal, 1,2, inch through the middle of 
the concave articular faces, and nearly 1,4 inch towards the inferior 
visceral margin, so as to suggest a convex curve for the inferior 
outline of the tail. 

The anterior articulation is somewhat markedly concave from 
above downward, has a thick rough rounded border, and is as nearly as 
possible circular, with a diameter of about 1,%,inch. The pos- 
terior articulation is subquadrate, but a little wider than deep, the 
width being about 2,2, inch. The depth from the neural canal to 
the facets for the chevron bones 1,5; inch, and to the base of the 
centrum rather over 2 inches. ‘he least depth of the centrum 
from the middle of the neural canal to the middle of the basal 
visceral surface is 1,8,inch. The chevron facets, though prominent, 
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are not clearly defined; a broad median concavity on the basal sur- 
face of the centrum may indicate that they were separate. This 
chevron region is 1,3, inch wide, and not more than ;4, inch long ; 
it is oblique, looking downward and backward. 

The sides of the centrum are somewhat flattened, are obliquely 
inclined, and converge towards the base, which is about an inch 
wide, and defined chiefly by the rounded ridges in the line of the 
chevron bones. The sides are slightly convex from above down- 
ward, and moderately concave from front to back. 

The transverse processes have their superior surfaces on a level 
with the base of the neural canal. At their union with the centrum 
they expand in every direction so as to haye a nearly circular base 
and to spread to the width of the centrum. As preserved, the pro- 
cess is about 1,4, inch long. It is compressed from above down- 
ward, being twice as wide as deep, and tapers a little outward, 
being 54 inch wide at the end. The posterior margin is more curved 
than the anterior margin; and while the superior surface is more 
flattened from side to side, the inferior surface is the more convex. 

The neural canal is vertically ovate, about ;8 inch high and more 
than 55, inch wide. 

The neural arch is moderate, with the neurapophyses compressed 
from side to side and directed forward, so that the prezygapophyses 
project anteriorly to the front of the centrum ; these processes were 
strong and subcylindrical ; their articular ends appear to have been 
about 1,8, inch apart anteriorly, and to have converged backward 
in a A-shape, being deeply divided in front. Above the zyga- 
pophyses, of which the posterior are not preserved, the neural spine 
is directed obliquely backward, and becomes more compressed 
from side to side; it is fractured at less than 2 inches above the 
base of the neural canal, where it appears to be ;5, inch long and 
less than =, inch wide, and of an almond-outline in section, being 
sharper in front than behind. 

Middle Caudal Vertebre.—Centrum about 14 inch long, with the 
articular ends subcircular, wider than deep, the anterior apparently 
the larger, but both about 1,2, inch deep and wide (fig. 3). There 
is a rather deep, narrow, concave, median groove (see fig. 3, 6) on 
the base of the centrum, about 3, inch wide, which does not enlarge 
towards the ends. The sides are made subangular by two imperfect 
lateral ridges (see fig. 3, a), of which the lower is but slightly de- 
veloped, and the upper one has in the middle the rudiment of a 
transverse process. The neural arch is compressed from side to 
side, prolonged backward beyond the centrum into a neural spine 
with parallel superior and inferior margins, more than 3 inch deep 
and rising 1,2, inch above the base of the centrum, and compressed 
posteriorly from side to side. Anteriorly it is prolonged into two 
stout zygapophyses, which, as preserved, do not extend in front of 
the centrum. 

The latest caudal vertebra preserved is in the Museum of Practi- 
cal Geology. It has the centrum 14} inch long, and the neural 
arch rather shorter. The articular ends of the centrum are sub- 
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hexagonal and moderately concave. The depth of the anterior 
face is rather less than an inch; the width from side to side in the 


Fig, 3.— Middle Caudal Vertebra of Acanthopholis horridus, nat. size. 
(In the Museum of Practical Geology.) 


a. Right lateral view. 6. From beneath, showing median longitudinal groove. 


middle of the centrum is 1,4, inch. The upper outline of the 
neural arch is straight and oblique. The depth from the posterior 
end of the neural arch to the base of the centrum is 1,%, inch, while 
in front the corresponding measurement is 1,4,inch; the width over 
the anterior zygapophyses is4} inch. The posterior end of the neural 
arch (which is imperfectly preserved) tapers. The lengthof the union 
between the neural arch and centrum is ;8,inch. The ridges on the 
sides of the centrum are only developed towards the articular ends. 

This vertebral column is quite distinct from that of any other 
genus, though, as indicated by Prof. Huxley, it closely approaches 
to Scelidosaurus. There is a close general correspondence in the 
form of the dorsal centrum, though in the lower part of the back 
Scelidosaurus appears to haye the body of the vertebra more com- 
pressed from side to side. The early caudal vertebrae in Scelido- 
saurus are longer, and more oblique, and have the neural spine less 
inclined backward. The later caudal vertebree in Scelidosaurus are 
much more elongated than in Acanthopholis, have the body more 
constricted, and have no trace of the inferior median groove or of the 
lateral ridges of Acanthopholis, while the form of the neural arch is 
altogether different, The basal groove, form of the caudal centrum, 


600 PROF. H. G. SEELEY ON THE DINOSAURIA OF 


and lateral ridges are rather indicative of resemblance to [guanodon. 
The dermal armour, however, must not be neglected, as suggesting a 
not improbable and near relationship to Hyleosaurus. The Dino- 
saur from the Gosau beds (Upper Greensand), which Dr. Bunzel refers 
to Seelidosaurus, is closely allied to Acanthopholis, though it cannot 
be included in that genus. 


Parr III. 


On the Skeleton of Anoplosaurus curtonotus, Seeley, a Dinosaur 
from the Cambridge Greensand, contained in the Woodwardian 
Museum of the Uniwersity of Cambridge. (Plates XXXIV. & 
XXXY.) 


At the close of the year 1872 Mr. Henry Keeping secured for 
the Woodwardian Museum, from one of the phosphatite-washings near 
Reach, an associated series of Dinosaurian bones, which, though in- 
dicating an animal of no large size, makes a considerable addition to 
our knowledge of the Cretaceous modifications of that organic type. 
In all there are about 77 bones or fragments of bones, which may 
be referred to under the following osteological headings :— 

1. Anterior extremity of left ramus of lower jaw. 

2. Five or six centrums of cervical vertebra. 

3. Twelve or thirteen centrums of dorsal vertebra and fragments 
of ribs. 

. Six centrums of sacral vertebre and fragments of sacral ribs. 
. Eight centrums of caudal vertebree. 

. Four neural arches of vertebree, chiefly dorsal. 

. Evidence of both coracoids. 

. Proximal end of scapula. 

. Proximal and distal ends of right humerus. 

10. Proximal and distal ends of left femur; and other fragments, 
among which are metatarsal bones, phalanges, and fragments of the 
left tibia, 

All the specimens are more or less broken and worn; they are 
incrusted with Oysters and Plicatule; but having lain in the sea 
where the phosphates were not abundant, are in a pale state of 
mineralization, and have few adherent masses of phosphate of lime 
upon them. Like the other Cambridge-Greensand fossils which 
have come under my notice, they show no signs of being derivative, 
and appear to me to be of Upper Greensand age. 

The Lower Jaw.—The fragment of jaw (Plate XXXY. fig. 1) is 
22 inches long. It is fractured posteriorly, inferiorly, where the 
inner margin of the bone is thin, and anteriorly, so that it affords 
no evidence of the nature of the symphysial union of the rami other 
than that it was very short and narrow. The jaw becomes less 
deep from behind toward the anterior extremity, as in other Dimo- 
saurs, and teeth were apparently continued almost, if not quite, to 
the anterior end. The alyeolar margin is nearly straight, being but 
very slightly convex externally, and similarly concave internally, 
Ls is compressed from side to side, 2 inch thick posteriorly, and 

5 ch thick anteriorly ; it may have ‘peen vertical, As preserved, 
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the external alveolar wall is higher than the inner wall, and ap- 
pears always to have been higher. In the length of 27 inches are 
the sockets or spaces for thirteen teeth; the sockets appear to have 
been nearly half an inch deep, and parallel to the inner surface of 
the jaw, so that the teeth were directed outward. The sockets were 
apparently nearly circular; but owing to this outward direction 
they appear as though they were transversely oblong. The inner. 
surface of the jaw is approximately parallel to the outer surface ; 
it consists of two areas—a long flat superior space, the plane of which 
is twisted a little outward anteriorly, about 2 inch deep, and limited 
inferiorly by a sharp straight angular ridge; and below this is a 
channel attenuated anteriorly, the side of which bends under the 
superior area(see Pl. XXXV. fig. 1 a). The thickness of the bone be- 
comes reduced below the ridge, being hardly more than 4 inch thick 
where fractured along its inferior border, which is directed inward. 
As preserved, the groove is not more than 13 inch long, hence 
the symphysis could not have occupied more than an inch in front 
of the groove. 

Externally the specimen consists of an inferior part, convex from 
above downward, corresponding to the internal groove, and there- 
fore extending longitudinally from behind forward, bulging out so as 
to widen the jaw to 3 inch, and dying away in front, where the jaw 
is moderately convex from the alveolar margin downward. Above 
this longitudinal inferior convexity the bone is very slightly chan- 
nelled in length, being slightly concave from above downward. 
Along this space are several vascular perforations at irregular 
distances, which become small and more numerous towards the an- 
terior extremity of the specimen. The extreme depth of the frag- 
ment as preserved, at the posterior fracture (Pl. XXXYV. fig. 1 a), is 
about 14 inch. 

This form of jaw has hitherto been described in no British Dino- 
saur; but on some future occasion I expect to be able to show that 
an animal with a similar mandible has left its remains in the 
Gosau beds of Austria, which are also of Upper Greensand age. 


Tur VERTEBRAL CoLumN. 


Cervical Vertebre.—None of these vertebre have the neural arches 
preserved, and all have the margins of the centrums and the tu- 
bercle for the rib worn. This gives rise to some uncertainty as to 
whether the sixth vertebra is not rather a first dorsal, as I incline 
to believe. The five vertebra (Plate XXXIV. fig. 1) are similar 
in size, and measure 77 inches in length when placed in close suc- 
cession, without making any allowance for the intervertebral carti- 
lages. The earliest vertebra preserved has the centrum somewhat 
depressed ; but the centrums increase slightly in depth as they 
succeed each other backward, and decrease slightly-in length. The 
first (fig. 1, 1), as preserved, is fully 1} inch long, with the anterior 
articular surface worn, so that neither its width nor depth can be 
given with certainty ; though, as widened by the diapophysis, it is 
obviously wider and does not appear to be so deep as the posterior 
articular end. The diapophysis is large, and placed low on the side 
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of the centrum just behind the anterior articulation; the transverse 
width over the diapophyses appears to have been at least 13 inch. 
Behind the diapophyses the centrum is constricted regularly, so as 
to measure 1 inch from side to side. The sides and base are con- 
cave (Pl. XXXIV. fig. 1 a) from front to back; but the sides have a 
somewhat vertical aspect and the base a broad and flattened aspect, 
owing to these regions being separated by slight angles at the margin 
of the posterior articulation, though the base is moderately convex 
from side to side, and rounds into the superior lateral regions. The 
ovate posterior articulation has had its margin rubbed ; it is flattened, 
but moderately concave, much as in Teleosaurs, and is +4 inch deep 
and 13 broad, as preserved. The neural arch may have extended the 
whole length of the centrum; the neural canal is shallow, widened 
posteriorly, and contains small nutritive foramina in the middle. 

The second vertebra preserved (fig. 1, 2) has the base of the cen- 
trum more rounded, and consequently the diapophysis appears to be 
rather higher on the side of the centrum. The centrum is less con- 
stricted from side to side behind the diapophyses, the sides of the 
centrum are more convex in depth, the centrum is shorter, and 
the articular surfaces appear to be larger. The following are the 
measurements of the specimen as preserved :— 

Along the base of the centrum 1,3, inch, less along the neural 
canal; width over remains of diapophyses 12 inch; depth of ante- 
rior articular face 1 inch; width behind the diapophyses 1% inch ; 
width of posterior articulation 14 inch; depth of posterior articu- 
lation 14, inch. 

The external margins of the bases for the neural arch are com- 
pressed so as only to measure 13 inch from side to side. 

In the succeeding cervicals (fig. 1, 3, 4,5) the differences are slight, 
except from the increased depth of the centrum, which in the fifth 
measures 13 inch deep posteriorly, as preserved. The anterior 
articulation of the centrum is in all cases nearly flat; but the pos- 
terior face is moderately cupped, often with a central depression. 
The base of the neural canal, too, becomes more deeply channelled ; it 
is impressed in the middle with the nutritive foramina, and the 
tubercle for the rib rises higher on the side of the centrum. Since 
the first vertebra preserved is posterior to the axis, this animal must 
have possessed at least seven cervical vertebre; but there were 
probably not more than eight, since not more than one vertebra 
appears to be missing from between the last cervical and first dorsal 
of the series. 

Dorsal Vertebre (Pl. XXXIV. fig. 2).—There are thirteen dorsal 
vertebre, or vertebre from between the neck and the sacrum. They 
appear to be in sequence, and therefore, if the number were similar 
to that in the Crocodile, the gap between the dorsal and sacral series 
must be very small. In the Crocodile the series can readily be divided 
by the relations of the ribs into three groups, comprising, after the 
eight cervical, three pectoral, seven dorsal, and six postdorsal or 
lumbar. Nothing corresponding to this division can be recognized 
in the fossil, because only the centrums of the vertebree are preserved. 
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These centrums are exceedingly similar inform, butincreaseslightly 
in length as they pass down the back, and when placed together in 
sequence, with their articular faces in contact, form an upward arch, 
which is unlike the straight horizontal column of the Crocodile, and 
suggests, I think, that the body may have been carried in a semi- 
erect position, as was certainly the condition in so many of the Di- 
nosauria. The form of the centrum, which is well rounded on the 
underside (fig. 2a), is remarkably Teleosaurian. The position of 
each vertebra in the series is determined by length, size of the 
articular ends, and shape, width, and degree of excavation of the 
area which forms part of the neural canal, there being a marked 
increase in width and depth on nearing the sacrum, while the neural 
area widens posteriorly on nearing the neck. 

The first centrum of the series is fractured transversely, as though 
by a stroke of the workman’s pick, and only the posterior half is 
preserved. It shows the articular area for the neural arch to be ex- 
ceedingly broad, and the posterior face of the centrum is very slightly 
concave, being much less impressed in the middle than in the cer- 
vical region. The second dorsal measures 1,2; inch from front to 
back, has an aspect of slight compression from side to side, where it 
measures 1 inch in the middle of the centrum, becoming a little 
wider towards the neural arch. The depth of the centrum from the 
neural canal is 1,4, inch. The posterior articular face is almost 
absolutely flat. The third dorsal is rather better preserved ; it 
measures 1,3, inch in length, is rather more flattened at the sides 
and ends, and has the neuro-central suture so uniform that the back 
of the vertebra can only be recognized by the nutritive foramina in 
the neural canal being placed slightly behind the middle line. The 
fourth dorsal slightly increases in length, and is more compressed 
below the neuro-central suture, so that the articular faces of the 
centrum become vertically elongated, measuring, as preserved, 1,%, 
inch in depth and 1,3, inch wide. ‘The fifth to the twelfth centrums 
are about 14 inch long, and have the sides of the neural canal rather 
narrower than in the earlier dorsal region, the sides being sub- 
parallel, with a slight expansion at both the anterior and posterior 
ends. ‘The neuro-central suture is slightly convex from back to 
front, is marked with transverse grooves, as in Teleosaurs, and in 
the seventh centrum the lateral compression reduces the transverse 
measurement in the middle of the suture to $4 inch. Towards the 
end of the dorsal series the articular face of the centrum is more 
nearly circular, and it becomes flat at one end, and somewhat con- 
cave at the other. There is no certain evidence on the matter ; but 
I am inclined to regard the somewhat larger end with the concavity 
as anterior, on the ground that the neuro-central sutural surface is 
somewhat wider towards the concave end. Hence there would 
seem to be an approach towards a procelous articulation in the 
lower part of the back, which may be a functional development con- 
sequent upon a semierect mode of progression. ‘The last dorsal is 
much longer in the neural than in the visceral measurement, the 
extreme length being 14% inch, There is no important change in the 
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size or form of the articular face. When placed together, end to 
end, without allowance for intervertebral cartilages, the series of 
dorsal vertebrae measures 19 inches; but this does not represent the 
entire length of the dorsal region, because at least one vertebra is 
missing between the last dorsal and first sacral, and at least one 
between the first dorsal and last cervical. 

Neural Arch.—The most perfect specimen of a dorsal neural arch 
is figured (Pl. XXXYV. fig. 14). It measures 14+ inch from the 
sutural surface uniting with the centrum, to the slight transverse plat- 
form (a) from which the compressed neural spine (¢) rose; though now 
broken away, the platform was horizontal, small, convex from front 
to back, concave from side to side, with the outer prolongation 
notched out posteriorly and directed a little upward. Its anterior 
border reaches no further forward than the middle of the neuro- 
central suture. There is the usual strong buttress below this trans- 
verse process, compressed from side to side, and terminating in an 
elevated vertically ovate articulation for the rib (6), looking outward 
and a little upward, ;%, inch wide and ;°; inch long, above which 
the buttress is constricted, and below which it widens and disappears. 
The prezygapophyses are broken away (@) ; but the posterior zygapo- 
physes (c) are flat ovate facets looking obliquely downward and out- 
ward, converging inferiorly so as almost to unite, but remaining 
separated by a groove. The arch over the neural canal is remark- 
ably high and narrow. 

Dorsal Ribs.—The dorsal ribs are represented by a number of 
fragments, but none are sufficiently perfect to give any idea of their 
length. The fragments are all more or less curved. The two spe- 
cimens figured (Pl. XXXYV. figs. 11, 13, 12) give some idea of the 
difference in size of the specimens and of the typical characters 
which they present. They are especially remarkable for having the 
under or visceral surface compressed and the dorsal surface expanded 
like the crosspiece of a capital T. This would suggest a great 
development of intercostal muscles, and would have led me to anti- 
cipate for the animal some form of dermal armour ; but since no 
trace of armour was found with the remains, the explanation of - 
this form of rib has yet to be discovered. 

Sacral Vertebra (Pl. XXXIV. fig. 3)—The sacral vertebra, as 
preserved, are six in number, and the series is apparently complete ; 
but they do not become anchylosed into a sacrum, though the arti- 
cular surfaces were evidently in intimate juxtaposition. It is im- 
possible to affirm that this condition is proof of the immaturity of the 
individual, though such a conclusion is natural. As placed together, 
end to end, the series of vertebrae measures 83 inches in length. As 
in the other regions of the vertebral column, there is no trace pre- 
served either of neural arches or of the short sacral ribs in union with 
the centrums, except the impressed surfaces for their articulation 
upon the sides of the centrums. In the absence of the usual aids 
for determining the order of succession of the bones, I have arranged 
them in sequence by means of the form of the neural canal and the 
mutual adaptation of the articular surfaces. Like the sacral ver- 
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tebree in other Dinosaurs, these centrums are of dissimilar forms, 
and are unlike the dorsal vertebree, which all have the visceral sur- 
face well rounded, as in Crocodiles. 

The first sacral (fig. 3,1) is 1,5; inch long along the neural canal, 
and about ;4, less along the visceral border. The base and sides are 
flattened, though the sides are moderately concave in length, and 
slightly convex from above downward, in which direction they con- 
verge. The base is defined by well-rounded shoulders, which merge 
into the sides ; it is slightly concave in the middle towards the two 
ends. The anterior articular surface is much the smaller of the two, 1s 
vertical, flattened, slightly concave from above downward, and sub- 
quadrate, being wider above than below. From the neural canal 
to the base is ;®, inch. The width of the centrum just below the 
neural canal is 1,2, inch, while the width at the base is about ~% 
inch. The neural canal is very large, deep, widens rapidly behind, 
and gives off the first pair of sacral nerves anterior to the posterior 
articular surface, where the transverse measurement is 1} inch. In 
front the neural canal is about 8, inch wide; posterior to the exca- 
vations for the sacral nerves the width is probably nearly double. 
The posterior articulation is angularly crescentic, being concave above 
in the line of the neural canal ; it is ;8, inch deep, 13 inch wide at 
the upper margins of the neural groove in the centrum, and about 
= inch wide at the base. The surface is flat, but marked with 
grooves, which radiate towards the sides and base. The length of 
the wall for attachment of the neural arch is less than an inch; it 1s 
compressed from side to side, and increases in width in front. ‘There 
is no indication of a rib to the ilium having originated from the 
centrum of this vertebra. 

In the second sacral (fig. 3, 2) the centrum attains its greatest width, 
and the neural canal acquires its largest size; but in form the vertebra 
is unlike the first, especially being depressed and much broader than 
long, with a rough parallelism between the convex visceral surface 
and the concave neural canal. The extreme length of the centrum 
is 143 inch; but it is somewhat less in the median line, since the 
posterior face is concave from side to side. ‘The base is flattened, 
but rounds into the sides, which slope obliquely outward, more 
rapidly towards the posterior than towards the anterior end. In 
front the flat articular face of the centrum is 58, inch deep; it is of 
suberescentic outline, extending superiorly up each side of the neural 
canal, where the horns are 3 inch wide. The posterior articulation 
is an arc of a large circle, as wide at the sides as in the middle, where 
it is ;5; inch deep. ‘The pedicles for the neural arch reach from the 
anterior face of the centrum backward ;; inch, and diverge outward ; 
they are } inch wide, and narrow posteriorly. They are bounded 
behind by the large canals for the sacral nerves, larger on the left 
side than on the right ; these canals are directed obliquely forward. 
Behind and chiefly below these grooves are the large, subcircular 
facets, # inch in diameter, for the sacral ribs, which look outward, 
backward, and somewhat upward, extending to the posterior articular 
surface of the centrum, and by their transverse extension making 
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the side of the centrum concave from front to back. The transverse 
width of the centrum at the notches for the sacral nerves is 14 inch ; 
the transverse width over the front of the facets for the sacral ribs 
is about 21 inches; the width of the neural canal between the pe- 
dicles for the neural arch, as preserved, is 14 inch. 

The third sacral vertebra (fig. 3,3) is smaller, with the centrum 
similarly depressed, the neural canal almostas large, the anterior 
intervertebral articular surface convex from side to side, and the 
posterior articulation similarly concave, the latter being relatively 
deeper ; the length of the centrum in the median line is 13 inch. 
The base is flattened, slightly convex in the middle portion, and 
measures 117 inch transversely. This great width, like the flat- 
tening, results from the fact that the whole of the side is occupied 
by surfaces for the attachment of sacralribs. The two pairs of these 
surfaces are divided by the grooves for the sacral nerve, which are 
only half as wide as those in the second vertebra ; these grooves are ;5; 
inch from the anterior articulation, and are directed outward, a little 
backward, and vertically downward between the facets for the sacral 
ribs as a canal 3, inch wide. The anterior of these rib-facets is the 
larger ; it is an inch deep, and not quite so long, being subquadrate ; 
the surfaces look outward, forward, and very slightly upward, and 
extend to the anterior articular surface of the centrum. The posterior 
facet is fully as deep, but not more than halfan inch in length; it ex- 
tends back to the posterior articulation, and looks outward and back- 
ward. The greatest transverse measurement is 2 inches at the middle 
of the centrum. The neural arch appears to haye been attached to 
both the anterior and posterior ends of the centrum by pedicles, which 
are coextensive with the length of the facets for the sacral ribs. 
The superior and inferior margins of the articular faces of both ends 
of the centrum are subparallel, about 58, inch deep ; but the anterior 
articulation has the greater transverse measurement, and increases 
in depth a little towards its lateral limits. The width of the neural 
canal, as preserved, is 1,1, inch, but becomes less posteriorly. 

The fourth sacral vertebra (fig. 3, 4) has greatly decreased in size. 
There is a vertical elevated ridge in the middle of the anterior articular 
surface of the centrum, on each side of which the flattened surfaces are 
slightly concave ; the outline of the articulation is reniform, it is more 
than 58, inch deep, and was about 1,3, inch wide. The under surface 
of the centrum has a conspicuous rounded median ridge, most marked 
posteriorly, and on each side the halves of the base are flattened and 
converge inferiorly. The posterior articular surface of the centrum 
is relatively narrow (because there is only one pair of facets for 
sacral ribs, and they are immediately behind the anterior articu- 
lation) ; it is 7%; inch deep in the middle, and 1,4 inch wide at the 
upper third ; the surface is concave from side to side, and most im- 
pressed in the upper part of the middle line. The neural canal 
widens in its hinder third, where it gives off a pair of sacral nerves, 
which are directed slightly backward as they pass out. The an- 
terior lateral facets for the sacral ribs are large, extend back behind 
the middle line of the centrum, and were directed forward and out- 
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ward. The neural canal again becomes narrower behind than it 
was in front. 

In the fifth sacral vertebra (fig. 3, 5) the centrum reverts very much 
to the form and proportions of an early dorsal, being compressed at the 
sides, having the base well rounded, and the margins of the articular 
surfaces well elevated. It is 14 inch long, and has the body of the ver- 
tebra relatively deep in proportion to the width. The anterior arti- 
culation is half an oval, with a prominent tubercle below the neural 
canal, and on each side of this tubercle is a depression ; the surface 
is otherwise flattened, but slightly convex from side to side; it is 
;°; inch deep in the middle, and about 152, inch wide in the upper 
third. The posterior articulation is more nearly subquadrate ; it is 
rather deeper, about as wide, is flattened, but concavely impressed 
in the median line below the neural canal. The facet for the sacral 
rib is small, and limited to the upper third of the side of the cen- 
trum. The neural canal has now become much smaller than in the 
first sacral, and the nerves are given off very high up, more than 
1,2; ich from the base of the posterior articulation, and hardly more 
than a quarter of an inch anterior to it. 

The sixth and last sacral centrum (fig. 3, 6) approximates in charac- 
ters to an early caudal ; but the neural canal is more deeply excavated 
than in the caudal region, while the large size of the attachment for 
the neural arch and the form of the anterior articulation show it to 
be sacral. It is 1,2; inch long in the line of the neural canal, and 
less in the basal measurement. The anterior articulation is less 
than an inch deep, and is widened transversely by the large facet 
for the sacral rib to about 1,2, inch, but the transverse measure- 
ment over those facets is 1,5, inch. Below the neural canal, which 
is only ;%; inch wide in front at the base, is a prominent tubercle, 
with a concayity on each side, as in the fifth vertebra, below which 
the surface is similarly marked with slight grooves, such as are usually 
seen in cartilaginous surfaces between which there is no motion. 
The posterior surface is more nearly circular, and measures more 
than an inch in depth and 1,3, inch wide ; in its centre is an elevated 
tubercle, as usual in caudal vertebre, and around this the surface 
is concave and marked with faint concentric lines. The base of the 
centrum is well rounded, but its sides are pinched in concavely below 
the facet for the last sacral rib; this facet appears to have been 
transyersely elongated and to haye looked outward. The attach- 
ment of the neural arch appears to have extended the whole length 
of the centrum, and to have been wider than in any of the other 
sacral vertebrae. 

This sacrum gives evidence of only four sacral ribs (Pl. XXXTY. 
fig. 4). The first, attached between the second and third centrums, 
and the second, between the third and fourth centrums, were massive, 
the former being 14 inch in diameter at its origin and the latter 
rather less. These were the true sacral elements, and would cor- 
respond to the sacrum of the Crocodile or Teleosaur. The third and 
fourth sacral ribs are small; the former is given off from the fifth, 
and the latter from the sixth sacral vertebra. The great enlargement 
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of the neural canal in the sacral region, where it becomes much wider 
than the entire diameter of a dorsal centrum, and the absence of 
any corresponding pectoral enlargement is strongly suggestive, not 
only that the hind limbs were relatively more developed than the 
fore limbs, but that progression was carried on by means of the 
hind limbs; and the slight increase in size of the centrums from the 
neck to the sacrum would support such a conclusion. 

Caudal Vertebre (P1 XXXIV. fig. 5).—The eight caudal vertebree, 
when placed together in close succession, measure ‘84 inches in length, 
and when so placed arrange themselves in a curve, which has “the 
convex side downward, while the dorsal and sacral regions form a 
curve in the opposite direction ; and this curve of the tail appears to 
be correlated with the elevation of the root of the tail well above 
the ground. 

Each centrum is just over an inch long, the last of the series being 
of the same absolute length as the first, though the vertical and trans- 
verse measurements have become greatly reduced. The first caudal 
of the series exactly corresponds in size with the posterior articular 
face of the last sacral vertebra. 

The anterior face of the second centrum is flattened, but slightly 
concave, is of subcircular outline, nearly 1,2, inch wide and nearly 
1,);inch deep. The posterior face (fig. 5 a)1 is ‘subtriangular, owing to 
the sides converging inferiorly and terminating in the oblique facet for 
the chevron bone, which is more than half an inch wide, and rounds 
upward into the intervertebral articular surface. ‘This surface is 145 
inch wide in its upper third, and nearly 1,2, deep to the base of the 
chevron articulation: it is much more concave than the anterior 
articulation, and the depression is similarly deepest just above a 
slight mamillate eminence in the centre of the intervertebral sur- 
face. The antero-posterior measurement of the centrum is | inch. 
The base of the neural arch Hes come away on the left side, leaving 
a large pit 2 inch long and ;4, inch wide. On the right side the 
pedicle has remained attached, ‘and shows that from this broad base 
a small compressed lamina ascended, directed inward, to form the 
arch over the neural canal. At the sides of the centrum are, on 
each side, an ovate facet more than half an inch long and of less 
depth, placed midway between the anterior and posterior articular 
faces of the vertebra. These facets gave attachment to the trans- 
yerse processes or caudal ribs; they have an elevated border, and 
the upper fourth is formed by the pedicle of the neural arch, while 
the remainder of the facet is on the upper part of the side of the 
centrum. In subsequent vertebree this facet decreases in size, de- 
scends a little in position, and is placed nearer to the posterior end 
of the centrum. ‘The sides of the centrum conmcnee inferiorly 
towards a flattened narrow base, which is about ;4, inch wide, and 
owes its existence and imperfect definition to the chevron bone at- 
tached to the base of the posterior articular surface. The ventral sur- 
face of the first centrum is considerably more convex from side to side. 
In the sixth caudal the width and depth of the centrum are about an 
inch ; ius antero-posterior extent of the narrow lamina of the neural 
arch is ,%, inch; the transverse process appears to be short, thick, and 
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directed a little backward. The base is better defined by an obscure 
angular ridge, and midway on the side, below the transverse pro- 
cess, is another angular ridge. The articular ends of the centrum 
are more concave than in the earlier vertebre. ‘The first six ver- 
tebree (fig. 5) are in natural sequence; then the series is broken by 
the loss of probably four vertebrae. The remaining two centrums 
preserved were followed by at least four more, so that the tail may 
have included at least sixteen vertebrae, and have measured at least 
as many inches. 

The last centrum preserved has the anterior face $9 inch wide and 
4% inch deep, with the outline flattened above and convex below. 
Lhe posterior face is ;®; inch wide and ;8; inch deep. There is an 
indication of division in the chevron facets. ‘The underside of the 
centrum becomes rounded, and the size of the transverse process, 
still high on the side, is reduced to a mere tubercle. The neural 
canal is narrow and slightly channelled in the centrum, and the base 
of the small neural arch was less than ;4, inch long. 


Tur Scaputar ARCH. 


Coracoids.—The right coracoid is only preserved in a fragment, 
but the left is fairly perfect (Pl. XXXV. fig. 2). It was an ex- 
panded subquadrate bone of the usual pattern, thick at the articular 
surfaces for the humerus and scapula, and thin at the two other 
edges, the anterior and upper of which is broken. The underside 
of the bone is concave, the upperside gently convex. It is 3,4, inches 
wide from the scapular to the inferior margin. The surface to which 
the scapula was attached (fig. 2, 6) is convex in length, as preserved, 
and imperfectly ossified. It measures about 13 inch in length, is 
1,4, inch thick at the junction with the humeral surface, and becomes 
compressed asit ascends. The humeral surface (fig. 2, a) is subquad- 
rate, 1,2, inch long, and of about the same thickness ; it is smooth, 
truncating the bone transversely, and nearly flat. Below the humeral 
articulation the bone is emarginate on the external surface, and the 
emargination resembles the appearance that would be produced by 
drawing the thumb over the angle of a plastic substance. The por- 
tion of the anterior border which looks downward is 24 inches long, 
as preserved, and thin, thickest at the corner nearest the humerus, 
and becoming attenuated as it ascends. The other upperside, which 
is somewhat broken, is about 21 inches long. The coracoid foramen is 
placed about the middle of the scapular margin, and extends obliquely 
inward, upward, and backward ; it is about =3, inch in diameter, and 
penetrates into the scapular margin as it emerges on the inner side 
of the bone. 

Scapula.—The scapula is known from an important fragment, 
comprising the articular end of the right side of the bone (Pl. XX XY. 
fig. 3). It is imperfectly preserved at the anterior border, but is 3 
inches wide. The humeral surface (a) is flat, 13 inch long, and about 
as wide ; it is rounded posteriorly, and convex on the inner surface 
from side to side, The coracoid surface (¢) is divided into two por- 
tions, and is somewhat compressed from side to side. The inner 
surface of the bone is concaye from above downward. The pos- 
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terior outline is moderately concave, while the anterior outline is 
more concave, rounding distally into a convex outline, which is par- 
tially broken away. ‘The specimen is 34 inches long, and, where 
fractured, the ascending shaft is 13 inch wide, ,%, thick, and more 
compressed on the inner than on the outer margin. The distinctive 
feature of the bone which separates it from other scapule is the de- 
velopment towards the humeral side of a massive quadrate spinous 
process (fig. 3,6), which increases the thickness of the bone to 23 
inches. It is $$ inch wide, margined posteriorly by a sharp ridge, 
anteriorly by a rounded ridge, is rounded inferiorly almost as per- 
fectly as a pulley surface, and flattened externally till it merges, 
after about 2 inches, in the free end of the scapula. It extends to 
within about half an inch of the humeral articulation, and is di- 
rected obliquely forward across the bone. 


Tue Fore Linus. 


Humerus.—Only the right humerus is preserved (Pl. XXXV. 
figs. 4,5). It has been fractured by a blow from a digger’s pick, 
which has removed the middle portion of the shaft and broken away 
the radial crest. The distal articular end is imperfect, owing to 
decomposition of the bone before fossilization, and its decayed sur- 
face, like the body of the shaft, is overgrown with Plicatule. The 
humerus is larger than might have been anticipated in an animal 
otherwise giving indications of a semierect position. It was probably 
not less than 9 inches in length, evidently possessed a long and 
compressed radial crest, which reached at least halfway along the 
bone, had the proximal end massive and the distal end fairly ex- 
panded, while the lower part of the shaft was constricted in the usual 
manner. As preserved, the specimen at the proximal end (fig. 4) is 
nearly flat on the ventral surface, with the slightest indication of con- 
cavity from side to side. The extreme width from side to side is rather 
less than 3 inches, as preserved; but the bone was somewhat wider, 
since no part of the radial crest is preserved, though its limit is indi- 
cated by a slight reflection downward of the margin of the frag- 
ment at the fracture (fig. 4,a@). The radial crest appears proximally 
to have been about half an inch thick, and to have extended to within 
about three fourths of an inch of the proximal end of the bone. 
It is separated from the articular head by an oblique region, which 
is somewhat compressed, less than 1 inch long, a little concave 
in length, and rounded from side to side. The head of the bone 
(fig. 4, 6) is subovate, but the margins of the articular surface 
are a little worn or decayed. It is slightly convex in its long 
diameter, from the ulnar to the radial side, which measures about 
1,°, inch, and rather more conyex from the dorsal to the ventral 
side, where it measures about 1,8 inch. Its margin bulges con- 
vexly on the dorsal aspect, but not so markedly as in some other 
Dinosaurian types, such as Hadrosaurus; it is even less than in 
the humerus attributed to Hyleosawrus, and is perhaps more nearly 
like Scelidosaurus, though the resemblance would appear to be closer 
to another and undescribed Dinosaurian genus from the Lias. ‘The 
proximal articular surface is smooth, though marked by irregular 
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shallow grooves, which may indicate that it possessed a terminal 
articular cartilage, though developed to a less extent than in the 
Ceteosaurians of the Lower Secondary rocks. Towards the ulnar 
side the articular surface becomes narrow and prolonged, like the 
stalk of a fig (fig. 4,¢); but this portion is inclined at an angle of 
about 45°. It is nearly flat in its long measurement, which is more 
than an inch, and slightly rounded in its narrow measurement, which 
appears to have been less than three quarters of an inch. It gives 
an extreme length of articular surface to the head of about 1,5 inch. 
Externally the ulnar margin is well rounded from side to side, 
about =$ inch thick, and by its compression forms on the dorsal 
surface a concave longitudinal channel, which descends some little 
distance on that aspect of the bone. Below the articular head of 
the bone the shaft is convex from side to side, but becomes rapidly 
compressed, so that 2 inches below the articular surface its thickness 
is scarcely Linch. The fragment is unfortunately only about 2 
inches long; it shows indications of the lateral margins rapidly 
converging, is marked on the dense external layer with longitudinal 
striz, and shows at the fractured end fine cancellous tissue, but no 
trace of a medullary cavity. 

Distal end.—The distal end (fig. 5) apparently formed an angle with 
the proximal end in the usual way, so far as can be judged by compa- 
rison of the proximal and distal fractured surfaces of the humerus. 
The distal fragment is 44 inches long, and at its proximal end has a 
subtriangular section, measuring nearly 13 inch in the greatest long 
diameter, from the ulnar to the radial sides, and about 1 inch in the 
greatest short diameter, which is towards the ulnar side from back 
to front. It will thus be seen that the bone is compressed towards 
the lower radial margin, and the strong crest which is there indi- 
cated is the distal termination of the radial crest. The long axis 
of this section is at an angle of about 45° to the axis of the 
distal articulation. The ventral side is here flattened, but has a 
slight indication of a longitudinal concavity. The dorsal aspect is 
divided into two areas by a rounded angular bend, that of the ulnar 
side is the shorter and less convex. The shaft continues to decrease 
in thickness towards the distal end, where it measures, just above 
and between the condyles, ;9, inch, and it more rapidly increases in 
width, though, from the radial condyle being broken away, it is im- 
possible to state accurately what the width was, though it could not 
haye been less than 3 inches. 

Metacarpal bone.—This small well-preserved specimen I am in- 
clined to regard as the fifth or outer metacarpal of the left fore 
limb. It is 1,4; inch long, and has the proximal articulation subtrian- 
gular, 59; inch wide and 58; inch deep, with the apex of the triangle 
below. The articular surface is nearly flat, but slightly oblique, as 
shown in the figure (Pl. XXXYV. fig. 9). 

The bone is compressed from above downward, ;°, inch wide in 
the middle of the shaft and 54, inch deep. It terminates distally 
in an oblong surface, which is conyex from above downward and 
from within outward, and has the upper outer corner rounded away. 
The surface is fully 35) inch long and ;%) inch deep. 
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Tue Hinp Limes. 


The Femur (Pl. XXXY. fig. 6) is very imperfectly preserved, 
having been considerably fractured by the workmen. A portion of 
the proximal end is preserved, which is about 34 inches long, and 
displays a small piece of the outermost part of the proximal articu- 
lation (a), showing it to have been comparatively smooth and 
slightly convex from front to back, in which direction the measure- 
ment was rather more than 1 inch. The bone was flattened behind, 
but was not flattened on the external aspect at the proximal end. 
Here it is convex from within outward, and also rounds into the 
posterior surface. In front there is a strong proximal trochanter 
(fig. 6, b), somewhat of the type seen in Jguanodon, but more 
compressed ; it is closely adherent to the shaft without being anchy- 
losed to it. The cleft on the posterior side is more marked than on 
the anterior side, and extends for 13 inch below the proximal arti- 
cular surface. ‘This trochanter is broken away in its upper part, 
but its base is 74) inch wide and nearly ;%, inch thick. The inner 
half of the proximal end of the bone is broken away. 

The distal end is represented by a small portion of the shaft, also 
of a left femur, and therefore presumably the same bone. It is 
from just above the distal condyles, and shows on the posterior sur- 
face the usual groove between the condyles, which is placed, as 
usual, nearer to the inner than to the outer side of the bone. The 
fragment, which is only 14 inch long, is 2 inches wide at the distal 
end, and the greatest antero-posterior measurement is 1, inch, 
while in the condylar groove (fig. 7, a) the measurement is $4 inch. 
The front is flattened, with a slight tendency to a median longitudinal 
depression. ‘The inner side is slightly flatter than the outer side; 
but both are well rounded, and round into the two halves of the 
posterior surface. There is no indication of any expansion of the 
bone at the distal end, and it is improbable that the strong external 
muscular process seen in some genera was here developed. 

The bone had a large medullary cavity; it is dense at its circum- 
ference, and finely cellular internally. I estimate the length of this 
femur to have been about 12 inches. Its distinctive features are 
the compression and position of the proximal trochanter. Its im- 
perfect preservation renders comparison with other types at present 
difficult. 

The Tibia.—The left tibia is represented by two fragments of the 
shaft, which give no indications of the forms of either the proximal 
or distal articular ends. The distal end decayed before fossilization, 
but the proximal end and middle of the shaft appear to have perished 
under blows from the diggers’ picks. Proximally the larger frag- 
ment is triangular, being flattened behind and obliquely compressed 
from side to side so as to form a strong cnemial crest, which is di- 
rected outward in front of the proximal end of the fibula. The 
oblique inner and anterior surface of the bone is flattened. The 
external or fibular side (Pl. XXXYV. fig. 8,a) is gently channelled 
from front to back. The width of the fragment, as preserved, from 
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side to side posteriorly is 1,2, inch, from front to back at the ex- 
ternal border 1%; inch, and from the cnemial crest to the inner 
posterior border 1,8, inch. The two posterior angles of the bone 
are rounded, and the cnemial crest, which is gently concave in the 
outline of its length, becomes more compressed proximally. 

The distal fragment becomes flattened in front and convex from 
side to side behind, with the fibular side flattened and front inner 
margin angular. The bone curves a little forward towards the 
distal end. Its measurement from side to side is reduced to 58, inch, 
and from back to front to $3 inch. The medullary cavity is very 
large ; its wall is thinner in front than elsewhere. 

The tibia was more slender than might have been expected, 
and appears to have been of about one fourth the size of the tibia 
of Hadrosaurus figured by Leidy. It closely resembles in form the 
same element of the skeleton in some Dinosaurs from Gosau. 

Metatarsus.—The metatarsus is represented by the proximal halves 
of three bones somewhat rubbed, and a distal end of another. The 
fractures show them to have had medullary cavities ; but they are 
too imperfect for description. There is also a phalange (Pl. XXXY. 
fig. 10). 


Part LY. 


On the Axial Skeleton of Eucercosaurus tanyspondylus, Seeley, a 
Dinosaur from the Cambridge Greensand, preserved in the Wood- 
wardian Museum of the University of Cambridge (figs. 4 & 5, 


pp. 616, 620). 
INTRODUCTION. 


The remains of a large land-animal, for the reception of which it 
becomes necessary to institute the genus Hucercosaurus, are limited 
to an associated series of nineteen vertebra and a neural arch, ob- 
tained from one of the more recently opened workings in the Upper 
Greensand, at Trumpington, near Cambridge. The state of pre- 
servation is not very satisfactory, the bones being often incrusted 
with phosphate of lime, and several of them considerably decom- 
posed, as the consequence of long maceration. Some of them have 
also been a little worn, and a few broken, during their discovery, by 
the picks of the excavators. 

There is no indication of the skull or neck; but both may be 
inferred to have been small, since the four dorsal vertebre preserved 
show a considerable and decreasing difference in size towards the 
neck. At first sight there may seem to be just a possibility that 
the eighth vertebra may not belong to the same animal ; but against 
that suggestion is the evidence of similarity of form and similar 
condition of preservation. 

. Lam led, by the forms of the vertebre, to anticipate that the 
animal carried itself in a more or less erect position, supported on 
the hind lmbs, and that, following the usual osteological law ex- 
emplified in the vertebral column of man, the growth of the lower 
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dorsal region was in proportion to the increase of pressure conse- 
quent upon its having to support the number of vertebree above it. 
No single centrum is well preserved in this dorsal region of the 
body ; but the neuro-central suture is marked by transverse ridges, 
and the underside of the centrum in the earlier part of the series 
is characterized by an angular or squeezed condition of the visceral 
aspect. This pinched appearance becomes lost as the series is traced 
backward, and in place of the inferior keel a well-rounded visceral 
surface is developed. ‘The neural arch preserved is strong, but not 
high; the transverse processes are given out horizontally from it, 
and the ribs may have been articulated to them exclusively. The 
sacral region is represented by three vertebre, but of such forms as 
to suggest that there were probably five or six; and the tail, re- 
presented by twelve vertebrae, presents the unusual condition of the 
vertebree becoming elongated as they pass downward in the series. 
The chevron bones, as indicated by facets for them, were at first 
unusually large ; but where the centrum has developed the hexagonal 
outline, which it afterwards attains when more elongated, the 
chevron bones must have been small, since no definite facets for 
them can be seen on the slightly rubbed articular ends. It is 
mainly on the evidence which this specimen gives of a strong sacrum 
and a long tail, such as could have acted as a balance to the weight 
of the anterior part of the body, that I am disposed to affirm the 
erect or semierect position of this Trumpington Dinosaur. The mo- 
difications which the vertebral column in consequence presents are of 
a type met with in no other Dinosaurian genus from the Cambridge 
Greensand. There is no approximation towards any of the typical 
American Dinosaurs, and there may be some uncertainty as to its 
relative position in the Dinosaurian order ; but it is probably affiliated 
to the Iguanodont family. Yet the ridges which give the remark- 
able compressed hexagonal aspect throughout the vertebre of the 
tail are so far similar to the ridges on the short caudal vertebre of 
Acanthopholis, as to suggest that the difference of form may be 
mainly a functional development consequent upon the different ways 
in which the bodies of the animals were carried. 

Dorsal Vertebre.—tThe first three vertebre are from the early part 
of the dorsal region. The centrum of the earliest preserved is 
about 1,8 inch long. The anterior articular face is broken, and 
the posterior articular face is nearly flat, without a central depres- 
sion. It is 13 inch wide and 1,4, inch deep to the worn visceral 
keel. Its outline was subtriangular. The sides of the centrum 
are concave from back to front, moderately convex from above 
downward as usual, and terminate in a sharp keel on the visceral 
surface. The greatest width of the centrum in the middle just 
below the neuro-central suture is 1,2, inch. The attachment of the 
neural arch was wide, $2 inch, and is marked by somewhat irre- 
gular grooves subparallel to the articular ends. The second ver- 
tebra is of the same length, has the articular surfaces more or less 
incrusted with phosphatic matrix, and differs chiefly in haying 
the sides of the centrum more inflated, so that the articular ends 
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have a rounder lateral outline, and in having the visceral keel, 
which is about 54, inch wide in the middle, defined by a groove on 
each side. What I take to be the posterior articular face of the 
centrum is decidedly concave. Both of these specimens appear to 
have suffered from rubbing in the mill at the washing from which 
they were obtained. Several vertebrae are missing between the 
second and the third of the series preserved. The third centrum is 
1,4 inch long dorsally, and rather less at the visceral margin, 
showing that the back was probably arched convexly. The sides of 
the centrum are much more inflated, and the visceral keel has disap- 
peared from the middle of the base of the centrum, though it is 
still indicated by strong rugosities at the two ends. The side of 
the centrum adjacent to the articular ends continues this rugose 
condition round the side by means of short wavy ridges. The 
visceral surface was somewhat rubbed before fossilization ; but the 
articular ends, as preserved, are nearly circular. The anterior face 
is 1,9, inch deep, slightly cupped, with a central boss. The poste- 
rior face is 1,8, inch wide, moderately cupped, but without any 
central elevation. The articular margins are a little worn, but 
appear to have been rounded. Again, several vertebrae are missing 
between the third and fourth. All trace of the visceral keel has 
now disappeared, and the centrum has again become slightly 
deeper than wide, and has a somewhat compressed aspect at the 
sides, owing to itsdepth. The rugose marks for ligamentous attach- 
ment are relatively stronger and longer than in the earlier vertebre. 
There is a small nutritive foramen more than a third down the side 
and intermediate between the two ends. Similar foramina occur in 
the previously described vertebrae. This centrum is 1,8, inch long 
on the neural surface, and apparently less on the visceral surface, 
though one end of the specimen had decomposed from maceration 
before it was fossilized. The articular ends are slightly concave, and 
the posterior end is nearly 2 inches deep and 14% inch wide, as pre- 
served. ‘The lines of the neuro-central suture are nearly obliterated 
by decomposition, but the least width of the centrum in the middle 
is 1,5 inch. 

Sacrum.—Of the sacrum three vertebre are preserved. They so 
far closely correspond with sacral vertebre of Anoplosawrus as 
strongly to suggest that in this genus also there were at least six 
elements in the sacrum. ‘The two bones, which have the forms of 
second and third vertebree (fig. 4, a, 6, p. 616), fit together by natural 
surfaces, and show that the sacral elements were in the closest possible 
bony union, short of anchylosis, the coadapted intercentral sur- 
faces being irregular. There is, however, some difficulty in adapting 
the third sacral vertebra to the articular surface of the fourth (?) (¢) ; 
so that it would seem more probable that another vertebra should 
have been introduced between them. But the anterior end of the 
fourth (?) centrum was destroyed by decomposition before fossiliza- 
tion, and the posterior surface is partly destroyed by fracturage 
since it was exhumed. And when the three centrums are placed 
together in sequence resting on the visceral surfaces as they pro- 
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bably lay on the sea-bed, the whole of the neural surfaces are seen 
to be so much decomposed that the vertebral form is scarcely re- 


cognizable. 


Fig. 4.—Three Sacral Vertebree of Eucercosaurus tanyspondylus, 
nit. size. 
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The vertebra which from its resemblance to the fourth sacral of 
Anoplosaurus (fig. 4, c) | regard as holding that place in the series 
measures rather more than 1,7, inch in length, and has a broad shallow 
channel on the median part of the visceral surface, deeper, however, 
than in Anoplosaurus. This is bounded laterally by two broad well- 
rounded ridges, into which it merges, and which terminate inferiorly 
the comparatively flat sides of the centrum. At what I take to be 
the anterior end these ridges are a little more divergent than at the 
posterior end. The base of the centrum has no sharply defined 
border, but is about 5%, inch wide at the articular ends. What 
remains of the sides of the centrum is only sufficient to show that 
these were moderately concave from front to back, and compara- 
tively flat and divergent from below upward. Only a small frag- 
ment of the neural canal is preserved, enough to show that the 
depth from this surface to the base of the centrum towards the 
middle of the vertebra was about 1; inch. The sides appear to 
haye diverged outward anteriorly, as though to give attachment to 
small sacral ribs; but behind the indication of this anterior infla- 
tion, of which there is no trace in Anoplosaurus, there appears to 
haye been a broad rounded prolongation of the side upward towards 
the neural canal, as though for the passage of an intervertebral 
nerve. There is nothing to indicate the deep excavation of the 
centrum for the expansion of the spinal cord in the sacral region ; 
but only evidence that the vertebral nerve, when given off, was 
prolonged downward instead of upward. The small fragment of 
neural surface is flat. 

The centrum which corresponds best in form with the second 
sacral of Anoplosaurus (fig. 4, 2) has become naturally fractured and 
enlarged before fossilization, as a consequence of maceration and 
absorption of phosphatic material. It is broad and deep, expanded 
at the posterior end, but with the base and sides so well rounded 
as to form about two thirds of a circle. The anterior end, which 
is roughened from decomposition and the natural rugoseness of the 
articular face, is vertically semiovate, being, as preserved, 2,4, inches 
wide below the neural canal, and 1,4, inch deep. The posterior end 
widens as though to give attachment to strong sacral ribs, and 
measures from side to side nearly 2,4, inches, while as preserved 
it is only 14 inch deep; hence the crumpled irregular articular face 
is transversely subreniform. ‘The indications of the neural surface 
are comparatively flat, widening posteriorly, and widest just in 
front of the sacral ribs, where it may be presumed that sacral nerves 
were given off. 

Of the third sacral element (fig. 4, 6) nothing remains but the 
basal portion of the centrum. It is 14% inch long, 1,4, inch wide 
posteriorly at the sides, which are flat and vertical, and rounded 
into the nearly flat base, which is slightly concave from front to 
back and slightly convex from side to side. Ona level with the 
base, at the anterior ends of the sides, are large facets fully an inch 
long for sacral ribs. ‘The articular ends appear to haye the same 
rugged faces noticed in the preceding sacral element. 
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Caudal Vertebre (fig. 5, p. 620).—The tail appears to have com- 
prised three types of vertebree. Of the earliest caudal there is one, of 
the middle caudal four vertebre, and of the later caudal region five. 
To these I have added provisionally two later caudals in the same 
condition of mineralization and of similar size, also from the Trump- 
ington pit, which show exactly the same characters, but were found 
subsequently. 

The first caudal is distinguished by a short deep centrum with a 
rounded visceral surface, flattened articular ends, no cheyron bones, 
small neural arch, and apparently poorly developed transverse pro- 
cesses, Which are abraded. The centrum is about 14 inch long, less 
along the neural canal and more at the inferior border. ‘The arti- 
cular face is 13 inch deep in front, and, as preserved, of the same 
width, though originally wider. A transverse depression runs across 
it in the middle so as to divide the surface into superior and inferior 
portions meeting at a slight angle. The neural canal appears to 
have been about 4 inch in diameter. The neural arch, as preserved, 
extends the whole length of the centrum, is depressed in front, and 
appears to have been fractured at its upper and hinder prolongation. 
All trace of the transverse process is removed by abrasion ; it was 
given off on a level with the base of the neural canal. ' ; 

The four middle caudal vertebree successively increase in length, 
have the sides of the centrum compressed, and the base narrow and 
rounded, largely encroached upon by the facets for the chevron 
bones. These vertebrae have strong transverse processes given off, 
so as to extend outward and a little forward. These transverse 
processes are flattened and apparently hollow, like the rest of the 
neural arch, and perhaps the body of the centrum. They rapidly 
become small, and in the fourth are reduced to transverse ridges 
which are already below the level of the neural canal. The first 
centrum, as preserved, is 14% inch long. The posterior articular 
face of the centrum is decomposed, and the anterior face obscured 
with matrix; but the facet for the chevron bone is a large equi- 
lateral triangular area with rounded angles, about 58, inch long. 
The space is concave, as though the bone had decomposed; but the 
decomposition does not extend onto the rounded articular margin 
of the centrum. ‘The depth of the centrum from the base of the 
neural canal is rather less than 14 inch. The space between the 
two facets for the chevron bones on the base of the centrum is less 
than 35, inch long. The transverse process is about ;%,; inch thick 
and 5, inch wide, 1 inch from inner border of the neural canal ; itis 
directed slightly upward, and its hinder margin inclines forward. 
The sides of the centrum are flattened, though slightly convex from 
above downward, and fairly concave from side to side. In the next 
caudal the centrum is 2 inches long at the base. The posterior 
articular surface is flat and subtriangular, 17 inch broad and about 
the same depth, with straight converging sides, which are truncated 
inferiorly by the large facet for the chevron bone, which is nearly 
75 inch long. The transverse processes are more nearly horizontal, 
but are broken abruptly ; the neural arch appears to have the lamin 
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very thin. The following vertebra, which is the eleventh of the 
whole series, is fully 2,4, inches long. The anterior facet for the 
chevron bone is not decomposed, and presents a flat oblique surface. 
The flattened ends of the centrum are slightly concave. The base, 
instead of being narrow and rounded, now begins to be defined by 
two slight parallel ridges. 

The twelfth vertebra is about 2} inches long. Here the neural 
arch is much more elongated, and the centrum less deep, so that the 
transverse-process ridge, which extends the whole length of the 
vertebra and is slightly convex in length, divides the side into two 
subequal regions, of which the lower is chiefly formed by the 
centrum, and the upper by the neural arch. The articular ends 
are subcircular, rather wider than deep, and moderately cupped 
concavely. ‘The articular face is about 1,2, inch in diameter. 
Several vertebree are here missing, and the remainder of the 
series from 13th to 19th have an elongated prismatic form. Those 
numbered 16 and 17 are the specimens which were brought to 
the Museum on a separate occasion from the others. All these 
vertebree agree in every thing except length, relative development of 
the facet for the chevron bones, and preservation. All have the ar- 
ticular face of the centrum subcircular and concavely cupped. The 
sides are divided by a median ridge into two areas on each side, of 
which the upper pair are rather the smaller and more deeply exca- 
vated. At the base there is a narrow, slightly channelled region 
defined by parallel sides ; and a similar region, somewhat wider and 
shorter, runs along the upper surface of the neural arch, so that the 
vertebra have a compressed hexagonal aspect. The 13th is rather 
over 33 inches long; the 14th 2,8; inches long. The 15th (imperfect) 
shows the anterior end of the neural arch, but is not sufficiently 
well preserved to show whether the zygapophyses interlocked. 
The 16th vertebra (fig. 5, p. 620) is nearly 3,4 inches long, and is the 
best preserved inthisregion. It has the anterior face of the centrum 
subhexagonal, but with the upper pair of lateral elements shorter 
than the lower pair, 1} inch wide at the outer angle, and about as 
deep to the rounded surface, where a chevron bone may still have been 
attached. The posterior articular face is of the same size. The 
extreme depth of the centrum in front is 1,4, inch. The median 
ridge on the side of the centrum is concave in length, so that the 
diameter of the bone in the middle of the ridge is l inch. The 
lateral spaces above and below this ridge are 55, of an inch high in 
the middle of the centrum; the narrow base is less than 7 inch 
wide. The width of the neural arch posteriorly is about 3 inch; 
along it in the superior median line runs a slight ridge. The neural 
arch has a more pinched aspect than the part of the centrum below 
the median lateral ridges. The 17th vertebra is 22 inches long; it 
shows that the cheyron bones still exist, but that the articular faces of 
the centrum have become slightly smaller, though hardly more deeply 
cupped. The 18th and 19th vertebra are represented by fragments 
which add nothing to our knowledge beyond showing that the 
central part of the centrum was either hollow or occupied by a 


620 PROF. H. G. SEELEY ON THE DINOSAURIA OF 


spongy tissue of the most delicate character. Throughout the 
whole of these specimens the external surface is remarkably dense, 
and seems to have resisted decomposition to an unusual degree ; 
while the cartilaginous surfaces have more frequently suffered 


Fig. 5.—Siateenth Caudal Vertebra of Eucercosaurus tanyspondylus, 
two thirds nat. sizé. 


‘ 


yi ay 


a. Left lateral view. 6. Superior view. c. Anterior view. 


decay. ‘The isolated neural arch is much invested with phosphate 
of ime, but does not differ essentially from the neural arch at- 
tached to an early caudal vertebra, except that the transverse pro- 
cesses and platform are above the level of the neural canal. This 
proves the arch to be either cervical or dorsal. The indications of 
the facets of the zygapophyses show that the centrum was probably 
1,5 inch long, so that the arch would correspond in size with the third 
dorsal vertebra described. The posterior zygapophyses measure 
1 inch transversely, and are notched out to a moderate extent pos- 
teriorly ; the facets are small and look obliquely downward and 
outward. ‘The anterior facets are broken away, but appear to have 
been limited laterally by remarkable tubercles. The transverse 
processes were compressed concayely, notched out in front of the 
posterior zygapophyses, and extending outward from the vertical 
laminee of the neural arch, which are imperfectly preserved. The 
transverse processes, like the neural spine, are fractured. 
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All the parts which are most characteristic of the Dinosaurian 
genera, such as the bones of the extremities, the pelvic and pectoral 
arches, and the teeth, are unfortunately wanting. We are hence 
compelled to rely on the forms of the vertebral centrums in esti- 
mating the affinities of this genus; and there are very few genera in 
which associated sets of vertebree from the several regions of the 
body enable one to make a satisfactory comparison. 

No other Dinosaurian genus known to me has the tail-vertebree 
so hexagonal, compressed, and elongated as in EHucercosaurus. Per- 
haps the tail of Hylwosaurus is least dissimilar, and the compressed 
visceral side of the earlier dorsal centrums may probably be taken 
to indicate an affinity towards the Iguanodont family. 


Part Y. 


On the Skeleton of Syngonosaurus macrocercus, Seeley, a Dinosaur 
from the Cambridge Greensand, preserved in the Woodwardian 
Museum of the University of Cambridge (figs. 6-8, pp. 424-626), 


INTRODUCTION. 


Syngonosaurus is founded upon a series of nineteen vertebrae, 
which represent the neck, back, sacrum, and tail; and in some 
respects these vertebrae offer evidence of affiliation to several Dino- 
saurian types, especially to Hucercosaurus. The early dorsal ver- 
tebre, however, are remarkably compressed from side to side, not 
merely at the base, but throughout the body; and ossification has 
progressed so far that, notwithstanding the somewhat battered con- 
dition in which the remains are preserved, the neural arches are 
constantly united to the centrums. In the lower dorsal region the 
compressed condition of the centrum is only recognized in the great 
vertical depth of the bone. The ridge on the visceral surface 
gradually disappears, till it is represented by a mere tubercle below 
the anterior and posterior articular ends. The ridge, however, re- 
appears in the sacrum, where the depth of the centrum becomes 
greatly diminished, in the usual manner. The caudal vertebrae at 
first had centrums with the articular faces oblique, slightly pro- 
celous, and in close juxtaposition, indicating the tail to have 
been stiff. The chevron bones formed a single large facet, which 
appears to have obliquely truncated the lower half of the posterior 
face. The facet is represented by a sutural surface, probably indi- 
cating that these bones were large as well as firmly adherent. Ten 
vertebree are preserved from the back, four from the sacrum, and five 
from the earlier part of the tail. These tail-vertebre have the 
centrum much compressed from side to side below the transverse 
processes ; but the visceral surface, though narrow, is well rounded. 
The other associated bones are imperfect fragments of a meta- 
tarsus badly preserved; and in the absence of better evidence of 
their pertaining to this vertebral column, I do not feel that they 
can be satisfactory evidence of the extremities. There are eleven 
pieces of dermal armour, large elongated plates, some of which 
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appear to have been symmetrical and median, others to have been 
placed laterally. Each plate has a sharp elevated ridge. But 
there is no positive evidence that the armour was found with the 
bones. The circumstance was not stated when the collection was 
purchased by the University ; but after the remains were exhibited 
in the Woodwardian Museum, Mr. W. Farren mentioned to me 
that both sets of bones came to him at the same time and from the 
same washing, and might therefore perhaps have been associated 
portions of one animal. This species was indicated in my ‘ Index’ 
1869, pp. xvu & 24, as Acanthopholis macrocercus. 

Thé Vertebral Column.—The vertebral column steadily enlarges 
from the neck to the lower part of the back. In the earlier dorsal 
region the articular faces of the centrums are slightly concave ; but 
* in the lower part of the back they are flat at both ends. In the 
early part of the tail the articulation appears to indicate a stiff con- 
dition ; but in the lower part of the tail the articular faces are 
fairly concave. Notwithstanding the worn state of the specimens, 
they all agree so perfectly in character, and are so different from 
any other remains that have been found, that no doubt can be 
entertained as to their being portions of a single animal. It is 
impossible to tell how much of the abrasion was produced in the 
washing-mill, and how much before fossilization ; but as the bones 
show evidence of fracture and decomposition, it is probable that 
much of the worn appearance which they present has resulted 
from decay consequent upon maceration and exposure of the up- 
turned surfaces. 

Cervical Vertebra.—Although this specimen is sufficient to give 
important characters of the cervical region, it has neither arti- 
cular end preserved, and shows but little of the neural arch. The 
centrum was about 1,8 inch long and 1,2, inch deep. It is com- 
pressed from side to side, and has the base narrow and rounded. 
The neural arch is defined from the centrum by a deep groove; 
below this groove and behind the upper part of the anterior arti- 
cular face is an indication of the large tubercle for the rib, which 
must have been fully half an inch in diameter. The posterior 
articular face of the centrum was triangular. The platform of 
the neural arch reached to a height above the base of the centrum 
of 2,2, inches. The transverse process for the upper head of the rib 
was directed outward and forward; it is fractured, and is there 
4 inch deep. The neural canal was large, and nearly 1 inch high. 

Dorsal Vertebre.—The next four vertebrae belong to the early 
dorsal region; they differ from the cervical chiefly in being a little 
larger, wanting the tubercle for the rib-articulation, and in 
the increasing depth and width of the centrum. ‘The neural arch 
also, which is partly preserved in three out of the four, is directed 
more obviously outward. But all these vertebre have the same 
compressed centrum, with comparatively flattened sides, converging 
to a narrow rounded base and subtriangular articular terminal ends. 
When the neural arch is broken away, it is seen to have united with 
the centrum by rugose transverse ridges, arranged on a facet which 
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extends the length of the centrum, and looks obliquely outward and 
upward. The length of the centrum in this region varies between 
13 inch and 1,5 inch, The articular ends widen at the upper 
margin from little more than 1 inch to 1,4, inch, and the depth is 
about 154, inch. The sides are slightly comenue from back to front, 
and their curve is prolonged upward, continuous with the neural 
arch, which is always distinguished by the deep groove already re- 
ferred to. The succeeding four belong to the lower dorsal region ; 
in them the centrum increases in size and depth, and its side be- 
comes rather more convex. It still retains the basal ridge, which 
becomes sharper, and sometimes disappears, being marked by a 
tubercle at each end. In the earliest of these four vertebre, the 
height from the base of the centrum to the platform of the neural 
arch is rather more than 23 inches, and the length of the centrum 
is 1? inch, while its depth from the neural canal j is about 1,4, inch. 
In the largest and, apparently, last or last but one of the four, the 
width of the centrum at the anterior articular face, as preserved, is 
1,8, inch, while the depth of the centrum is about the same. From 
the decreasing height of the neural arch this vertebra may be sup- 
posed to be near to the sacral region. It is 1,8,inch long in the dorsal 
measurement, and less ventrally. The height to the platform of the 
neural arch from the middle of the base is "23 inches. 

The transverse processes are about 3 inch thick, but are fractured. 
The neural spine and zygapophyses are also broken away, but the 
zygapophyses look inward as well as upward. ‘The ninth dorsal 
vertebra differs so much from those with which it is associated, and 
recalls so strongly the dorsal region of Acanthopholis, that I am in- 
clined to regard it as having become accidentally mixed with the 
other remains. It is in the same state of mineralization, but is 
much longer, had a perfectly rounded base, was most compressed 
below the neural arch, and had circular articular ends, with a 
central pit, so that I feel no doubt that it ought not to be included 
in the definition of Syngonosaurus. 

Sacrum.—The sacrum (fig. 6, p. 624) has lost the neural arches, and 
consists, as preserved, of two portions, each of which includes parts of 
two vertebra, so that there were certainly no fewer than four, and 
may have been more. ‘The last dorsal described corresponds in size 
and character with the first sacral of the larger fragment, which 
has a similar flat, subtriangular, articular end (fig. 6, a), which is 
1,4, inch broad at the upper part, as preserved. The sides are conyex 
from above downward, and meet in a sharp keel in the middle of the 
base. The suture between the first and second vertebra is entirely 
obliterated. The depth from the neural canal to the middle of the 
base is 14 inch ; ee the second vertebra it becomes reduced to 1} inch. 
The fraement i is 3,5, inches long, which I estimate to be within atenth 
of an inch of the length of two vertebrae. The base of the second ver- 
tebra is much more conyex than that of the first, and the median 
keel is all but obliterated. The width of the centrum in the middle 
is rather less than 13 inch in the first sacral vertebra, and somewhat 
more in the second. The state of preservation is such that there are 
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no indications of facets for the attachment of sacral ribs, unless they 
be in the fractured and decomposed sides of the second sacral 
element. The other sacral fragment is smaller, and consists of the 
hinder portion of a vertebra with a flattened underside, which 
unites by a visible suture (fig. 6, 6) with the fourth sacral, which is 
1,5 inch long. At the junction of these two vertebre there 1s laterally 
a large flattened surface of 17 inch, and extended to the bases of the 
centrums, to which one of the principal sacral ribs was obviously 
attached. The fourth sacral is very narrow, measuring only 1 inch 
from side to side in the middle, and having well-rounded sides and 
a rounded base. Neither vertebra shows any portion of the neural 
canal; and the posterior face of the fourth, which seems to have 
become separated from the sacral vertebra next succeeding, was flat, 
small, subcircular, and hardly more than 1 inch in diameter (fig. 6, ¢). 

Caudal Vertebre.—The five caudal vertebrae are not consecutive. 
The two earliest (fig. 7) have the centrums with oblique articular 


Fig. 7.—Second Caudal Vertebra of Syngonosaurus macrocercus, 
nat. Size. 


B. Posterior view. 
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surfaces, which in front are cupped and behind are flattened. The 
angle of inclination of the articular faces is about 55°. The length 
of the centrum along the neural canal is fully 2 inches. The mar- 
gins of the articular faces are worn. The centrum is compressed from 
side to side, and at the base the sides round together. The trans- 
verse process is given off on a level with the base of the neural 
canal as usual, but is broken, and only a small fragment of the 
neural arch is preserved, so as to arch over the spinal cord in front, 
forming a foramen about 55, inch in diameter. Above the transverse 
process the neural arch is somewhat pinched in, as is the centrum 
below. ‘The depth from the neural canal to the base of the centrum 
is about 1,8, inch; the width from side to side is about 1,4, inch. 
The base of the articulation posteriorly is truncated by an oblique 
triangular facet for the chevron bone; but it is uncertain whether 
this condition also marks the anterior facet. A vertebra is probably 
missing from between the second caudal and the third ; for the third, 
fourth, and fifth become rather more elongated, the third (fig. 8) 
measuring 2,4, inches long. It is more compressed from side to 


Fig. 8.—Third Caudal Vertebra of Syngonosaurus macrocercus, 
nat. size. 


a. Right lateral view. b, Posterior view. ce, Anterior view. 
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side below the transverse process, has a narrower rounded base, and 
terminates at each end in a large subcircular concave cup, which is 
1,?; inch in diameter; below this, at the posterior end, is a large 
shield-shaped, subtriangular, rugose facet for the chevron bone, 
which is 5, inch deep and fully 1 inch wide. The measurement 
from the neural canal to the base of this facet is 1,4, inch. 

Except that they are longer, these vertebre recall closely the forms 
of some of the earlier caudal vertebra of Hucercosaurus; but the 
shape which was there seen to be characteristic of one or two ver- 
tebree only, here seems to extend throughout the series ; and though 
the centrum has in the last caudal preserved become reduced to little 
more than half the depth of the earliest, there is no indication of 
changing character, and the transverse process remains strong. The 
resemblance is close as far as it goes; but in the sacrum and dorsal 
regions the character is quite different, and Hucercosaurus has neither 
the compression of the body of the centrum nor the sharp keel, ex- 
cept in the earliest dorsal preserved. ‘These poimts of resemblance 
indicate close affinity, but do not suggest generic identity. 

Bones of the Hxtremities.— With this vertebral column were found 
four metatarsal bones. They are rather more than half the size of 
the complete metapodium which I figured in the ‘Annals of Natural 
History’ for November 1871, and regarded as probably pertain- 
ing to the fore limb. ‘The first left metatarsal is fairly perfect, 

;‘y inches long, 1,4, inch wide proximally, and 1,8, inch deep at 
the proximal end, which is imperfectly preserved. Its sides are 
concave, and it widens distally to 1,%, inch, where the articular 
face is concave from side to side, well rounded from above down- 
wards, and about ;% inch deep. The other three are the proximal 
ends of the second, third, and fourth metatarsal bones. When the 
four are placed together they measure rather over 5 inches from side 
to side, which is a greater width of foot than I should have antici- 
pated for Syngonosaurus ; but, in the absence of the larger bones of 
the hind limb, it is impossible to affirm or deny their claim to belong 
to this animal. There are also two phalanges which, from their 
shortness, may be first and second: but these also are so large, re- 
latively to the metatarsus, as to suggest doubt as to their natural 
association with them. The first is 2,5, inches wide and 1,8, inch 
deep at the proximal end; it is 2,4, inches long and 13 inch thick. 
The second phalange is 2,1, inches wide and 1,%, inch deep at the 
proximal end, is 1,%, inch long, and is compressed towards the distal 
end, so as to be there less than an inch thick. The indication of the 
fore limb is limited to the proximal end of the humerus; but the 
greater part of the bone is lost. The proximal end of the right 
humerus is not quite perfect on the radial side, but is 2,5, inches 
wide and 1,5; inch deep over the middle of the head. The ulnar 
side of the head is modified after the pattern of the crocodile, and a 
sharp ridge is prolonged down the two inches preserved of the ulnar 
side of the bone, which is compressed. The whole proximal part of 
the shaft rapidly becomes compressed distally, and as rapidly nar- 
rows from side to side; the articular head shows the character- 
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istic Dinosaurian convexity on the middle of the dorsal surface, but 
appears to be less concave than usual on the ventral aspect. Some 
doubt may well attach to the association of this bone with the ver- 
tebral column. 

There are twelve subovate pieces of dermal armour reputed asso- 
ciated with the skeleton. They vary from 24 to 34 inches in length, 
are about 2 inches wide, and have a strong elevated angular crest 
and fold running down the length of the plates, which have the 
lateral halvesa little concave. The margins are thin and show no signs 
of overlapping, except at the posterior ends ; and the external surface 
is roughened, with an irregular pitted appearance, similar to that 
seen in Acanthopholis and Scelidosawrus. The dermal surface is 
usually smooth and concave; but one symmetrical plate has the 
under surface deeply excavated, evidently for a muscle, and may 
therefore be inferred to be one placed over the neural spine of a 
vertebra; it is, however, in a slightly different state of minerali- 
zation, and possibly may not belong to the series. It must remain 
for the present an unsettled question whether Syngonosaurus was 
really armoured, though the probabilities lean in that direction. 
The only existing reptiles in which dermal armour of the pattern 
found among the Dinosaurs is met with are the Chelonians ; and 
in that order, both on the limbs and tail, dermal bones, covered 
with a horny sheath, are found, which differ from those of Dinosaurs 
chiefly in size. 


Parr VI. 


On the Dorsal and Caudal Vertebre of Acanthopholis stereocercus, 
Seeley, a Dinosaur from the Cambridge Greensand, preserved in 
the Woodwardian Museum of the University of Cambridge ; with 
some notice of a second species of Anoplosaurus collected with these 
remains. 


Among the smaller series of Dinosaurian bones collected for the 
Woodwardian Museum by Mr. W. Farren, is a collection of twelve 
vertebre and a fragment of a dermal spine, which were catalogued 
in my Index to Aves, Ornith. and Rept. 1869, pp. xvii and 24, as 
Acanthopholis stereocercus. Looking at the specimens anew, I have 
no doubt that the remains are not all referable to one species. The 
first, which is in bad preservation, is a cervical ; it has, apparently, 
got into the washing-mill and become worn. It is so far similar 
to Anoplosaurus as to suggest that it really belongs to the neck of 
a second species of that genus. The next two are dorsal; then 
follows‘a postsacral of remarkable form, which is succeeded by an 
early caudal. The next three caudal vertebre I do not now regard 
as pertaining to the same species, and separate them as belonging 
to a second and undescribed species of Anoplosawrus. They 
want the median groove on the base of the centrum, which is 
characteristic of the caudals of Acanthopholis, and in all essential 
characters they have the general facies of caudal vertebree of Ano- 
plosawrus ; but differ from the species already described in the ver- 
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tebre being of relatively much greater length, and distinguished by 
carrying the neural canal in a deep groove in the centrum. The 
remaining three vertebre present the characters of Acanthopholis, 
and may well have belonged to the same animal as the preceding 
five bones. 

Dorsal Vertebre.—The two dorsal vertebre present the charac- 
ters already described in dorsals of Acanthopholis and Anoplosaurus, 
but have the articular faces of the centrums more deeply concave 
than in any form hitherto described. It may therefore be enough 
to say that the dorsal measurement in both is a little greater than 
the visceral measurement ; that the aspect is Teleosaurian, slightly 
compressed, and well rounded on the base. There are several small 
nutritive foramina in the middle of the side. The neural canal is 
a long groove with parallel sides, and its width is less than the 
width of the lateral surfaces from which the pedicle for the neural 
arch is broken away. ‘The better-preserved and slightly longer 
of the two vertebre is 147 inch in extreme length, has the posterior 
articular face 14 inch deep and rather narrower, while the anterior 
articular face is nearly circular, with the measurement of 14 inch. 
The greatest compression of the centrum from side to side, where its 
transverse measurement is | inch, is below the neural canal. 

Postdorsal.—A bone which I am disposed to regard as a last 
lumbar or, more probably, postsacral vertebra, is distinguished by 
a large neural canal, and a centrum which is oblong and defined 
by six sides. The body of the vertebra is 1,7, inch long, with 
a flattened base, flattened sides, and subquadrate articular ends. 
The anterior end, as preserved, is 1,2; inch deep and more than 12 
inch wide. The posterior face is somewhat smaller; both are concave 
surfaces, with a somewhat large obscure central boss. The base at 
each end is 1,2, inch wide, and about 5%, inch wide in the middle. 
There is no indication of its lateral ridges being connected with 
facets for chevron bones; the sides are similarly gently concave 
from back to front, and show a thickened mass at the base of the 
neural arch, as though a slight transverse process might have there 
originated, or a facet existed for a small osseous attachment. It 
is impossible from the fractured fragments of the pedicle of the 
neural arch to judge what the characters of that portion of the 
vertebra were. The least width of the neural canal in the middle is 
42% inch. 

The early caudal vertebra is in good preservation and shows 
unusual characters. The neural arch is anchylosed to the centrum, 
the short transverse processes are well indicated, and the facets for 
the cheyron bones are unusually large for this genus, and divided 
from each other. The centrum is 13} inch long dorsally, 14 inch 
long ventrally. The transverse processes are short, vertically com- 
pressed, rather oblique, and placed posteriorly on the upper third of the 
centrum ; they measure from front to back about 55, inch at their 
bases. Below these transverse processes, the sides of the centrum, 
which are flattened, converge towards the visceral surface; but the 
base can only be defined at the articular ends by the width of the 
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facets for the chevron bones, which is rather less than an inch, 
because the middle of the base is occupied by a deep groove, more 
than } inch wide, which is boat-shaped, tapering away between 
the chevron facets. These facets are convex from front to back, 
and each is slightly concave from side to side; they round into the 
articular ends of the centrum, and are markedly distinct from each 
other at the posterior end, where they are longest. The length of 
the base of the centrum, between the anterior and posterior pairs of 
facets, is 2 of an inch. Above the transverse process is a pair of 
short strong ridges, developed at the posterior end, which are 
horizontal and just above the base of the neural canal. The neural 
arch is small, narrow, and depressed; its posterior end was removed 
by fracture, but anteriorly it is less than 4 inch wide, and the 
extreme measurement, from its summit, as preserved, to the base 
ot the centrum is 1,8, ich. The articular faces of the centrum 
are subhexagonal, and somewhat deeply impressed in the centre, 
especially the anterior face, which is 1,2, inch high and 1,4 inch 
wide. While the posterior face is not quite so high, it is a little 
wider, and is less markedly hexagonal, owing to the influence of the 
transverse processes in developing an angle on the upper third of 
the side. 

The next vertebra preserved is from a much lower position in the 
tail; it has essentially the same type of character, and measures 
18, inch in length along the neural canal, but is so much smaller 
in vertical and transverse measurements, that the anterior face is 
barely an inch wide and almost 44 inch in greatest depth. The 
posterior face has the same depth, and may have been a little 
wider. The articular faces are moderately concave, subhexagonal, 
and prolonged downwards into articular facets for the chevron 
bones, which are larger behind than in front. They are divided by 
a deep narrow groove, which runs along the middle of the base. On 
the middle of each side is a blunt somewhat rounded ridge, which 
helps to give the centrum its hexagonal aspect by dividing the side 
into two subequal regions, two of which converge downwards, and 
the other two converge upwards. Below these ridges, and nearer 
to the basal ridges, are two other moderately developed longi- 
tudinal ridges; and above also, on a level with the neural canal, 
are two more short ridges, sufficiently elevated to give a channelled, 
pinched appearance to the base of the neural arch, since another ridge 
runs along that region on each side. The neural arch is small, 
and its pedicle, +4, inch long, is placed nearer to the anterior than to 
the posterior end, as in Acanthopholis horridus. The neural arch 
has a median ridge, which rises a little as it extends backwards ; 
the arch is fractured, both at the anterior and posterior ends, and 
the neural canal is small. The height from the middle of the base 
of the centrum to the middle of the neural arch is 14, inch. The 
next vertebra shows all these characters, except that the neural arch 
is broken away, and indicates that the channel for the spinal cord 
was slightly excavated in the centrum. ‘The lateral spaces between 
the ridges are also rather more concaye. The length of this cen- 
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ue is nearly 1,2, inch; the width of the dle face is fully 
7 inch. The last vertebra of the series is ~ inch long. It, too, 
has lost the neural arch, and has the sensu ends more deeply 
excavated and much wider than high. From the relatively small 
size of the base, its outline is subpentagonal. The neural canal 
is very small, and the arch absent from the posterior third. 

In instituting the species on these remains, I rely on the four 
vertebra last described for its type, without in any way doubting 
the natural association of the dorsal vertebree with these caudal ele- 
ments. Still, as three caudal vertebrae of Anoplosaurus had become 
accidentally mixed with them, and the cervical vertebra belongs to 
that genus also, it seems to me unsafe to attribute the dorsal ver- 
tebree unreservedly to Acanthopholis, although we know that that 
region of the body presents no essential difference from the same 
region in Anoplosaurus. As compared with the tail of the type 
species, Acanthopholis horridus, Huxley, this species is distinguished 
by having the middle caudals much more robust, with a deeper basal 
groove and strongly developed facets for the chevron bones, while 
the neural arch is bounded by lateral ridges, which are absent in the 
type species.. The later caudals are relatively more robust than 
in the type, and distinguished by progressively decreasing in length, 
by retaining well-developed chevron facets to the last, and by having 
the neural arch less developed and defined by a deep groove at its 
base. 


Anoplosaurus major. 


The Cervical Vertebra.—I have already suggested the possi- 
bility of this centrum pertaining to a second and larger species 
of Anoplosaurus. The centrum is depressed and broad in front, 
and leans obliquely forward, more so at the posterior than at the 
anterior articular surface. This condition would probably suggest 
that the neck was carried in an upraised. position. The base of 
the centrum is 14 inch long, while the neural canal was somewhat 
less. The base is flattened, apparently with a slight median ridge, 
but is slightly convex from side to side, and the base makes about a 
right angle with the nearly vertical lateral spaces behind the 
articular tubercle for the rib. The vertebra measures from side to 
side 1,1, inch, but the width over the tubercles, as preserved, is 1%, 
inch. ‘The tubercles are on the middle of the side of the centrum, 
close to the anterior articulation, and are about 4 inch in diameter. 
Immediately behind the tubercles the centrum has a pinched aspect. 
The anterior face is transversely ovate, 1 inch deep, as preserved, but 
the underside is a little worn; it is moderately cupped, and was 
about 12 inch wide. The posterior articular surface is somewhat 
deeply cupped, 1,3; inch in depth and 1,3, inch wide. The neural 
canal is very wide, being ;7; inch in diameter. The bases of the 
laminze of the neural arch are compressed, and extend along the 
length of the centrum ; they appear to be confluent with the centrum, 
and show no certain indication of suture. 

Although the caudal vertebra which indicate the second species of 
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Anoplosaurus are not such as one would choose for the foundation of 
anew species, they differ from Anoplosaurus curtonotus in the absence 
of the basal ridges, which causes the base to be flattened, and in having 
flat sides, which are only broken by the tubercle which represents 
the transverse process, and which, prolonged into a ridge, divides 
the side into two areas. The facets for the chevron bones were so 
small that they have become obliterated by the wear to which the 
specimens have been subjected, and appear to have only marked the 
posterior ends. The best-preserved specimen has the centrum 
slightly oblique, 158; inch long, with the articular ends hexagonal, 
the posterior end being nearly 1,4, inch wide, 1, inch deep. The 
other two vertebree are ;1, of an inch longer, and the faint ridges of 
the base and sides are less developed ; so that the species is distinguished 
from the type of the genus by the more elongated form of vertebre, 
and by retaining the two basal angles after the transverse tubercular 
process had disappeared, as well as by the deep excavation of the 
neural canal in the centrum, and by the presumably larger size of 
the adult animal. It may be a convenience, pending the discovery 
of better materials, to indicate this species as Anoplosaurus major. 

A small fragment of a nearly smooth dermal plate, probably re- 
ferable to the Acanthopholis, was collected with these remains, but 
is too imperfect to yield any useful characters. 


Part VIL. 


On a small serves of Caudal Vertebre of a Dinosaur from the Cam- 
bridge Greensand (Acanthopholis eucercus, Seeley), contained in 
the Woodwardian Museum of the University of Cambridge. 


This note is founded on the small assemblage of six caudal ver- 
tebree catalogued in my ‘Index to the Secondary Reptiles in the 
Woodwardian Museum,’ as Series vi. (p. 24). They indicate a close 
resemblance to the tail-vertebree of Acanthopholis horridus, Huxley, 
but differ in the more elongated form and more constricted condition 
of the centrum, in the somewhat different development of ridges 
upon the side of the centrum, in the rapid diminution in length of 
the centrums, which in the type species remain all of about the 
same length, aud in the greater size of the bones now described, 
which appear to indicate a rather larger species. The collection 
was purchased by the University from Mr. Farren; and I see no 
reason to doubt his statement that the vertebrae were found asso- 
ciated, and form part of the skeleton of one individual. 

The earliest specimen preserved is an early caudal. It is robust, 
about 27 inches long, and 1,4, inch deep in the anterior articular face, 
which is subcircular and fairly concave; the posterior articulation 
is broken, but was subhexagonal, not so deep in vertical mea- 
surement, and similarly cupped. ‘The body of the vertebra is 
subeylindrical, with six more or less marked longitudinal ridges, 
two on the base, slight and rounded, separated by an interspace of 
less than half an inch, which interspace is a slightly impressed me- 
dian channel, most marked towards the two ends of the centrum. 
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The sides of the vertebra are well rounded; but at the upper third, 
behind the middle of the centrum, is another pair of longitudinal 
ridges, which become produced into very short transverse processes, 
compressed from above downwards, and imperfectly preserved; the 
third pair of ridges are those which form the bases of the neural 
arch, between which and the transverse processes the upper part of 
the side of the centrum is concave. These pedicles, from which the 
neural arch is broken away, are compressed from side to side, di- 
verge a little as they extend backwards, reach to near the anterior 
margin, and extend backwards for about 1,2, inch. The outside 
transverse measurement of these ridges in front is 58; inch, behind 
it is about 1,2, inch. 

Several vertebrae appear to be missing between the centrum de- 
scribed and the second of the series, which has unfortunately been 
fractured longitudinally and vertically, so that it is little more than 
half a centrum. ‘The fracture shows the bony tissue to be arranged 
in short, irregular, parallel longitudinal lamin, about 54, of an inch 
apart. The centrum is longer along the ventral than the neural 
surface, the superior measurement being less than 2 inches, and the 
inferior measurement about 2} inches, indicating that the tail was 
curved in an opposite direction to the back, as might be expected. 
The anterior articulation is much wider than deep, the vertical 
depth being 14 inch, and the outline reniform, since the neural canal 
impresses the centrum concavely. The posterior articulation is much 
more deeply excavated above; the antero-posterior measurement 
through the middle of the articular faces is 1,4, inch. The greatest 
vertical measurement (1,8, inch), from the hinder ridge of the neural 
arch to the facet for the chevron bone, is about equal to the greatest 
transverse measurement in the upper third of the centrum. 

The subcylindrical centrum, which enlarges towards the two ends, 
is modified hexagonally by eight longitudinal ridges, two on the 
base, faint and parallel, becoming strong posteriorly, where they ter- 
minate in the oblique facets for the chevron bone. ‘The side of the 
centrum below the neural arch is divided into three regions by two 
moderately elevated longitudinal ridges: the lower region is flat, 
and measures 58, inch from above downwards; the middle region is 
slightly concave and about half as wide; while the upper region is 
more concave, and has a depth of 5%, inch. The upper of these 
lateral ridges becomes prolonged outward behind the middle line 
into a slight vertically compressed transverse process. The neural 
canal is still large, but the arch is smaller; its pedicles are very 
slight, are on the inside of the neural ridges, and only measure 
about 5, inch in length. 

The third vertebra of the series has the centrum 2,1, inches long 
on the inferior margin, and is smaller in all measurements. The 
transverse tubercle has now disappeared, and the lateral ridges are 
obscure. The ridges which terminate in the facets for the chevron 
bone are well developed posteriorly, and terminate in two distinct 
surfaces, which look obliquely downwards and backwards. The 
neural arch is small, and extends to within half an inch of the an- 
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terior articulation; it has no trace of a neural spine or lateral 
process. 

The fourth vertebra is much smaller and more constricted. It is 
fully 2 inches long. The transverse measurement in the posterior 
articulation is 1,4, inch, while the depth is about an inch. The 
outline is subtriangular, and the cup is deeply excavated. There 
appears to be only one chevron facet; and, though larger poste- 
riorly, a similar small facet also impresses the anterior articulation. 
This surface is flat, broadest in the upper part, but not so deep as 
broad. The least transverse measurement in the middle of the cen- 
trum is 1 inch. A median lateral ridge on the side of the centrum 
is well marked; above it the side of the centrum is concave in both 
measurements ; below it the side of the centrum is convex vertically 
in the middle part. The neural arch is very small,’and is margined at 
its base by ridges, which appear to mark its junction with the cen- 
trum. The vertical measurement through the vertebra from the 
neural canal to the base is 55, inch just behind the neural arch. 

The fifth vertebra is 1,5, inch long, and distorted by the develop- 
ment of the chevron element only on the left side. Normally, the 
centrum would be hexagonal, with a median longitudinal ridge on 
the side. The width in front, about 154, inch, is considerably more 
than the depth; posteriorly the measurements are less. The neural 
arch is small and compressed, with its upper margin horizontal. 

The sixth vertebra is as long as the fifth, and has the facet for the 
hypapophysis developed in front and behind; but the ridges are 
absent from the middle of the underside of the centrum. The lateral 
ridges, on the other hand, are greatly developed and nearly parallel 
to each other; this gives the centrum a depressed appearance. The 
anterior articular face is the wider, while the posterior face is the 
deeper, being more than 55, inch deep, the anterior face being fully 
38; The neural canal is still about 7 inch wide. 

Conclusions concerning the classification and organization of these 
Dinosaurs may conveniently be deferred until the whole of the 
remains have been described and figured; but these and other 
studies strongly enforce a conviction that the Dinosauria are far more 
nearly related to the Triassic and older Secondary Crocodilia than 
the evidence of their affinities hitherto adduced would have pre- 
pared us to anticipate. 


EXPLANATION OF THE PLATES. 
All the figures are of the natural size. 
Pratt XXXIV. 


The vertebral column of Anoplosaurus curtonotus, 


Fig. 1. Left lateral aspect of third to seventh cervical centrums, showing how 
the bodies of the vertebrae increase in depth from before backward, 
and indicating at the upper anterior corner of each an attachment 
for a cervical rib. 

1 a. Visceral aspect of third (?) cervical vertebra, showing flattened and 
rounded under surface, and expansion towards the anterior end. 
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Fig. 2. Left lateral aspect of fourteenth to eighteenth centrums of the series, 


showing the somewhat compressed appearance of upper parts of the 
bodies of the last five dorsal vertebre. 

2a. Visceral aspect of the last dorsal vertebra, No. 18. 

2 b. Posterior (?) articular end of the same centrum, No. 18. 

3. The sacrum, showing the neural or superior surface, and giving evi- 
dence of the great expansion of the spinal cord in the region of the 
second and third sacral vertebrz. The outlets for the escape of the 
sacral nerves at the sides of the centrum are best seen in the first 
three vertebrae. 

4. Dorsal surface of vertebral end of a sacral rib, showing the massive end 
for attachment to the sides of the centrums of the second and third 
vertebra. Its worn upper surface gave attachment to the neural 
arch. 

5. Left lateral aspect of a sequence of six early caudal vertebrae numbered 
25 to 30, showing decreasing depth of the centrum posteriorly, and 
diminishing size in the surface for the attachment of the sacral rib 
which remains in union with the 30th vertebra. The cheyron facet, c, 
also diminishes in size, 

5 a. Posterior articular surface and facet for the chevron bone of the 
vertebra No. 26. 


PLATE XXXV. 


. 1. Internal aspect of anterior end of the left ramus of the lower jaw, 


showing the broken inferior border and the imperfectly preserved 
sockets for the teeth on the superior border. 

1 a. Outline of the fractured posterior end of the same specimen. 

2, External aspect of left coracoid, showing the coracoid foramen, and (a) 
articular surface for the humerus, and (0) the surface for union with 
the scapula. The broken superior margin of the bone is also shown. 

3. External surface of proximal end of right scapula, showing the con- 
stricted upper part of the bone, (a) the articular element in the 
glenoid cavity for the humerus, (0) the greatly elevated spine, and 
(c) the compressed articular surface for the coracoid. 

4, Superior surface of proximal articular end of right humerus, showing (a) 
the fractured radial side of the bone, (2) the articular head, and (ec) 
the extension of the proximal articulation onto the compressed 
ulnar border. 

5. Distal portion of the same bone with only a minute trace of the distal 
articular surface. It shows the widening outline of the distal end, 
but not the radial crest, which is concealed behind the bone. 

6. External aspect of proximal end of left femur, showing (a) the curved 
proximal articular surface, and (4) the proximal styloid anterior 
trochanter, which is fractured proximally. 

7. Outline of the distal end of the shaft of tae same bone, showing (a) the 
intercondylar groove on the inferior surface. 

8. External or fibular-posterior aspect cf two portions of the shaft of the 
left tibia, showing (a) the groove behind the cnemial crest in which 
the fibula was carried. 

9. Probably the metacarpal bone of the fifth digit, superior aspect, left 
foot. 

10. Phalange, probably of the fore limb. 

11. Lateral view of proximal end of a dorsal rib, showing the compressed 
vertical condition of the bone and its flattened superior surface. 
These characters are also shown in fig. 15, which gives the outline of 
the fractured end of the bone. 

12. Transverse section of another dorsal rib, showing the expanded upper 
surface widened as though to carry dermal armour. 

14. Right lateral aspect of neural arch of dorsal vertebra, showing (a) the 
fractured base of the transverse platform, (>) the lower articular 
surface for the dorsal rib, (¢) postzygapophysis, (@) fractured pre- 
zygapophysis, (¢) fractured base of neural spine, (f) articular surtace 
for union with the centrum. 
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Discussion. 


Mr. Cuarteswortu dwelt on the importance of practical experi- 
ments on the effects of exposure and maceration on bones, such as 
those carried out by the author of this paper. 

Mr. Hvurxz bore testimony to the great value of Prof. Seeley’s 
researches ; but said he always felt doubt on the safety of putting 
together the disjecta membra obtained by diggers and coprolite- 
washers. He also expressed doubt as to the generic distinctness of 
Anoplosaurus and Acanthopholis. Of the truly Dinosaurian cha- 
racter of most of the specimens brought forward by the author of 
the paper there was no doubt whatever. 

Prof. SEELEY was aware of the difficulty of dealing with such 
specimens, but had given his reasons for associating the scattered 
bones laid before the Society. 
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47. On the Drorirus of the WARWICKSHIRE CoAL-FIELD. 
By 8. Attrorr, Esq., F.G.8. (Read June 25, 1879.) 


In a paper communicated to the Geological Society, and published 
in the 30th volume of the ‘ Quarterly Journal,’ I briefly described the 
microscopical structure and composition of the various masses of 
igneous rocks which occur in the Carboniferous strata of the Midland 
Counties, with the exception of those found in the Warwickshire 
Coal-field. I now propose to complete the series with a short 
account of the only hornblendic rocks to be found among them. 

Although they form but a small group they are of considerable 
interest, as some of them present remarkable varieties of structure, 
and others a mineral constitution which distinguishes them from 
any British rocks hitherto examined. 

The geology of the Warwickshire Coal-field has been described 
in the Memoir of the Survey published in explanation of sheet 
lxiii. 8.W.; and a reference to that map will show that the rocks 
now to be described are restricted to the district between Atherstone 
and the village of Marston Jabet, about two miles south of Nuneaton, 
and also that the several bands and larger masses occur only in the 
lower unproductive beds of the Coal-measures and in the underlying 
Millstone Grit. Although the sheets usually run very regularly 
between the beds of shale they are clearly intrusive, as they some- 
times pass from lower to higher beds, and have invariably altered 
the shales in contact with their upper and under surfaces. The 
junction of the eruptive and sedimentary rocks may be seen in 
several clear sections. Ina quarry in Purley Park, about a mile 
south of Atherstone, there is a good exposure of both rocks ; at first 
sight they appear to be interbedded, but in one place there is a 
wedge-shaped band of shale enclosed in one of the sheets of trap. 
A still more interesting example may be seen in the railway-cutting 
near Chilvers Coton, where there are no less than ten alternations of 
the two rocks (see fig.). Although the geological period of the 


Diorite intrusive in Carboniferous Shales in Railway-cutting near 
Chilvers Coton. 


a. Shales. 6. Diorite. 


Q. er, 8. No. 140. 2x 
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intrusion cannot be precisely determined, it is at least certain that 
it was previous to the deposition of the Triassic rocks, for in an 
old quarry near Marston Jabet the Lower Keuper sandstone lies 


horizontally on the upturned edges of the Carboniferous shales and 
included trap. 


Tue Microscoric StRUCTURE OF THE WARWICKSHIRE DiIoRITES. 


An examination of numerous specimens from the different masses 
shows clearly that, as a group, these rocks must be regarded as 
diorites, the characteristic constituents being a triclinic felspar and 
hornblende ; these two minerals together with magnetite and apatite 
are invariably present, and in addition a little orthoclase is seldom 
absent. Although many of the specimens examined are ordinary 
diorites, there are occasionally such wide departures from the normal 
type, that, from a mineralogical point of view, some of them must 
clearly be classed with rocks not hitherto observed among the older 
eruptive series. On the whole, it would perhaps be difficult to point 
to a group of rocks presenting more interesting varieties of com- 
position and texture, or which afford more instructive examples of 
extensive alteration. 

Quarry near Marston Jabet.—A finely crystalline specimen, very 
like a basalt in external appearance, contains an immense number 
of small hornblende crystals in a felspathic base, both minerals 
being nearly or quite unaltered. The clear brown crystals of horn- 
blende are unusually well developed, and as they lie in all directions 
a single thin slice affords many excellent transverse and longitudinal 
sections of the prism. One rarely meets with an augitic or horn- 
blendic rock containing such an assemblage of well-formed crystals. 
They are thickly set in a clear matrix of triclinic felspar, and 
interspersed among them are rather numerous grains of magnetite, 
with here and there a few needles of apatite. The only indication 
of alteration is a little calcite in the matrix; no other minerals are 

resent. 

The three following specimens, selected from a number collected 
in the same quarry as the last, may be taken to represent the more 
general character of the rocks of the district; and they possess a 
special interest, as they afford excellent examples of successive stages 
of alteration. The first example is rather coarsely crystalline in 
texture, and the original constituents are very well preserved; the 
plagioclase is generally clear, and exhibits well its characteristic 
twin striation. The hornblende is of a clear brown colour, for the 
most part quite unaltered, and presents its ordinary optical and 
physical characters ; it is much fissured, and occasionally contains 
80 many cavities that the crystals are little more than skeletons ; it 
also encloses many grains of magnetite, and the latter are also rather 
thickly disseminated through the mass. Long hexagonal needles of 
apatite are rather abundant; and, lastly, there was a glassy or felsitic 
ground-mass in which the crystallized constituents were set. This 
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ground-mass has been much altered, and now consists of a fine 
granular substance, partly serpentinous in character, with here and 
there a little calcite. 

The second example is quite similar in texture to the first; the 
felspar, still easily recognizable as triclinic, is far from clear, having 
been partially converted into a grey pulverulent substance. The 
hornblende occurs in various stages of alteration ; some crystals are 
but slightly attacked, while others are to a considerable extent con- 
verted into a pale green serpentinous substance. The alteration has 
followed the cleavage-lines and fractures, and has also invaded the 
substance of the crystals on each side; while the numerous cavities 
just mentioned are also filled by the same substance. In a single 
slice there may be seen almost every degree of change from a slight 
marginal erosion to a mere skeleton of the original. Of the latter, 
however, some little is always left ; and whether the alteration be 
little or great the original crystalline forms are perfectly preserved. 
In the third specimen the alteration has proceeded still further, the 
whole of the hornblende crystals having been completely converted 
into pale green pseudomorphs; they were originally rather large 
and well developed, and their forms are still perfectly sharp and 
distinct. The felspar is here quite turbid and opaque, and the in- 
terstitial ground-mass is represented by calcite. 

It may here be well to observe that the importance of a series 
of specimens like those just described can hardly be overestimated ; 
in fact a collection of specimens in various stages of alteration is 
absolutely essential for any one who wishes to acquire an accurate 
knowledge of the older rocks; and it fortunately happens that a 
diligent search will very frequently supply the requisite materials 
for study. Among the older rocks, which have been quarried to 
some extent, it is generally possible to obtain specimens in every 
stage of alteration ; and a careful study of such examples frequently 
renders it easy to determine the former presence (in other rocks) of 
minerals whose original composition and appearance may have been 
entirely changed. In other words, it will be found that many pseu- 
domorphs possess characteristic microscopic features which render 
their recognition easy to an experienced and cautious observer. I 
venture to urge this point, as there is no more promising field for 
microscopic research ; it is one which has, however, been treated 
with comparative neglect, and even the very existence of extensive 
pseudomorphic changes has not long since been denied by at least 
one writer of eminence. 


DioRITE CONTAINING AUGITE AND OLIVINE. 


Purley Park, near Atherstone.—A portion of the mass in this 
locality is in an excellent state of preservation ; it is a greyish-black 
rock, distinctly crystalline in texture, and in external appearance 
closely resembles a fine-grained dolerite. 

A thin slice exhibits under the microscope a mass of plagioclase 

2x2 
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crystals with a few of orthoclase ; among these are scattered nume- 
rous small crystals of brown hornblende, many crystals and grains 
of clear yellowish augite, many grains of magnetite, a few needles 
of apatite, and several pseudomorphs after olivine. There is also a 
matrix in which the original constituents are set, but whether glassy 
or felsitic in its original state, there is no evidence to show; it has 
undergone a considerable amount of alteration, and now consists 
generally of a pale green serpentinous substance frequently accom- 
panied by calcite. In several instances the usual forms of the augite 
crystals are perfectly well seen, some of them being twins; they ex- 
hibit no trace of dichroism when examined without the analyzer in 
the same way as the hornblende ; and as well-formed crystals of both 
minerals occur in a single slice, their crystallographic and optical 
characters may be observed side by side. The augite appears to be 
very irregularly distributed throughout the mass of the rock; for in 
some slices it is almost as abundant as the hornblende, while in 
others it is nearly or even quite absent. It is slightly altered here 
and there, but never resembles uralite, the altered parts having 
merely a turbid grey aspect, like that observed in many of the 
dolerites. 

Having given special attention to the various kinds of pseudo- 
morphs after olivine, I had no difficulty in detecting their presence 
in several of these rocks; the discovery was, however, so entirely 
unexpected that, after cutting many slices, it was no small satisfac- 
tion to meet with a thoroughly characteristic form of the crystal. 
Some of these pseudomorphs consist exclusively of calcite, while in 
others the central parts are filled with viridite; they thus correspond 
in every way with many observed in the more highly altered dole- 
rites described on a former occasion*. In some slices the pseudo- 
morphs are very numerous and are generally larger than the crystals 
of augite or hornblende; they nearly all contain a few grains of 
magnetite, but never any other of the original constituents. The 
fissured condition of the unaltered crystals is also clearly indicated 
by the veins so familiar to those who have studied this mineral in 
the older dolerites. These and other features described in the paper 
just referred to are so thoroughly characteristic, that there is no 
room for doubt as to the former presence of olivine in these rocks. 

There is also present in some quantity another mineral of which 
it will be well to speak less positively. It is quite colourless and 
occasionally clear, though it generally contains more or less of a fine 
dust which gives it a cloudy appearance, especially round the mar- 
gins. Some of the sections are hexagonal, others rectangular; the 
former are dark between crossed Nicols, while the latter are 
coloured, though the tints are not brilliant. The crystals certainly 
belong to the hexagonal system, and are larger and stouter than the 
ordinary needles of apatite, many of which also occur in these rocks ; 
it is possible, I think, that. they may be nepheline. Against this 

if ie Allport, “On Carboniferous Dolerites,” Quart. Journ. Geol. Soc. vol. xxx. 
p. 042, 
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view there is, of course, the difficulty of an easily decomposed 
mineral like nepheline having remained unaltered from Paleozoic 
times ; but, on the other hand, it should be remembered that olivine 
presents a similar difficulty, yet has nevertheless been frequently 
preserved unchanged throughout the same enormous periods. 

Two of the secondary constituents have already been mentioned, 
namely calcite and viridite, or a serpentinous substance ; to these 
may be added an orthorhombic zeclite which fills small cavities with 
long radiated lamellar crystals; they are clear and colourless, but 
exhibit brilliant colours in polarized light. 

Quarry close to Atherstone.—In this mass the hornblende is also 
accompanied by a considerable quantity of very pale brown augite ; 
the crystals are-well formed and among them are several twins. 
The felspar is highly altered, but a few crystals may be recognized 
as triclinic. In two slices examined there were no pseudomorphs 
after olivine. 

Railway-cutting, Chilvers Coton.—This is an excellent locality 
for collecting well-marked varieties of the intrusive rocks. On the 
west side there is a light-coloured mass composed chiefly of pink 
felspar, with rather long prisms of altered hornblende scattered 
through it. Another variety is of a dark green colour, and consists 
almost entirely of hornblende in comparatively large crystals. 
Between these extremes there may be found several intermediate 
varieties. Microscopic examination of these rocks affords no addi- 
tional fact of importance. 


ConcLuUsIon. 


It appears from the preceding investigation that the intrusive 
rocks of the Warwickshire coal-field are for the most part ordinary 
diorites, but that they also occasionally present remarkable variations 
from the normal type. 

The varieties described appear, however, to be strictly local ; and 
in all of them the predominant and characteristic constituents are 
a triclinic felspar and hornblende, together with a little magnetite and 
apatite ; a glassy or felsitic matrix is also nearly always present. 

Hornblendic rocks containing augite and olivine have not been 
previously found in these islands, nor, I believe, elsewhere, except 
among rocks of Tertiary or later age. They appear, moreover, to be 
rather rare everywhere, a few only having been observed among the 
hornblende and augite andesites* or the Bohemian basalts described 
by Boricky f. 

It is now certain that rocks of precisely similar composition were 
erupted during the later Paleozoic period ; how much earlier remains 
to be seen. The existence of these rocks may therefore be regarded 
as additional evidence against the singular notion, apparently held by 
many, that the products of volcanic action were in some unaccount- 


* Zirkel, Lehrbuch der Petrographie, vol. ii. p. 222. 
+ Basaltgesteine Bohmens, pp. 137, 138. 
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able way suddenly changed about the commencement of the Tertiary 
eriod. 

It may be observed in conclusion that these Warwickshire rocks 
differ greatly from the neighbouring syenites of Leicestershire, re- 
cently described by Professor Bonney*, with which I am also well 
acquainted. In the latter the prevailing felspar is orthoclase, and 
quartz is always present; epidote is also a very common secondary 
constituent. I have detected no trace of either quartz or epidote in 
the diorites, and orthoclase invariably occupies a very subordinate 
position, 


* Quart. Journ. Geol. Soc. vol. xxxiv. p. 225. 
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48. The Precamprran Rocks of Suropsnrre.—Part I. By OC. Cat- 
LAWAY, Hsq., M.A., D.Sc. Lond., F.G.S. | With Norzs on the 
Microscopie Srrucrure of some of the Rocks, by Prof. T. G. 
Bowyry, M.A., F.R.S., Sec. G.S. (Read June 11, 1879.) 


ConTENTS. 
Introduction. 


A. Physical Geography of the Wrekin and Caer Caradoc Chain. 
B. Lithological and Stratigraphical Characters of the Rocks. 


1. Lilleshall Hill. 9. The Lawley. 
2. The Hrcal. 10. Caer Caradoc. 
3. Lawrence Hill. 11. Helmeth Hill. 
4, The Wrekin. 12. Hazler Hill. 
d. Primrose Hill. 13. Hope Bowdler and Cardington 
6. The Wrockwardine mass, range. 
7. Charlton-Hill area. 14, Ragleth Hill. 
8. District between the Wrekin and | 15. Wartle-Knoll group. 
the Lawley. 16. Kington group. 


©. Evidence for Precambrian age. 


1. Stratigraphical, | 2. From included fragments. 
General Summary. 


InTRODUCTION. 


In a paper communicated to this Society on March 21st, 1877, en- 
titled “On a new Area of Upper Cambrian Rocks in South 
Shropshire’*, I intimated that certain volcanic rocks associated 
with the shale in question, which had been usually regarded as 
eruptive greenstones, were for the most part composed of bedded 
material ; but details were deferred. 

Mr. 8. Allport, in a paper “ On certain Ancient Deyitrified Pitch- 
stones and Perlites from the Lower Silurian District of Shropshire”, 
read before this Society in May 18774, announces the same con- 
clusion from entirely independent observations, devoting his atten- 
tion, however, chiefly to the chemical and microscopic side of the 
question, and arriving at the very important conclusion that these 
(so-called) Lower Silurian pitchstones and perlites are identical 
in character with the most modern volcanic rocks. 

In June 1878, I read to this Society a paper on ‘The Quartz- 
ites of Shropshire ’’$, in which I gave several sections across the 
Wrekin volcanic chain, and assumed that the bedded rocks of which 
it is mainly composed were of Precambrian age. 

Messrs. Hill and Bonney, in their second paper “On the Precar- 
boniferous rocks of Charnwood Forest” ||, infer the same conclusion 


* Quart. Journ. Geol. Soe, vol. xxxiii. p. 652. t Ibid. vol. xxxiii. p. 449. 

{ Both Mr. Allport and myself had contemporaneously announced this fact 
to the Birmingham Natural History Society, and he informs me that it was 
known to him nine years ago. 

§ Quart. Journ. Geol. Soc. vol. xxxiy. p. 754. — ‘|| Zdid. vol. xxxiy. p. 236, 
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from my determination of the (at least) Upper Cambrian age of the 
quartzites which flank the Wrekin axis. 

It is proposed in the present paper to describe the lithological 
and stratigraphical character of these rocks, and to state in full the 
evidence for their Precambrian age. In a subsequent communica- 
tion an attempt will be made to trace the physical history of this 
Precambrian mountain-chain, to describe the association of the 
bedded rocks with subsequent eruptive greenstones, and to correlate 
the Precambrian groups of Shropshire with other known forma- 
tions. The recent recognition by the author of the Lilleshall Pre- 
cambrian rocks on the eastern flank of the Malvern Hills*, and of 
the Malvern schistose types at the base of the Wrekin series, has an 
important bearing on the last inquiry ; but details are, for the pre- - 
sent, reserved. 

I have to acknowledge my great obligation to Prof. Bonney, 
F.R.S., for his invaluable and willing aid in working out some diffi- 
cult points in lithology. Mr. Allport’s paper on the Wrekin, 
already referred to, has also been of great assistance. 


A. PuysicaL GEOGRAPHY OF THE WREKIN AND Carr Carapoc CHAIN. 


In Shropshire, this chain of hills is twenty-nine miles in length 
from N.E. to S.W.; but, if we include in it the elevations west of 
Kington, in Herefordshire and Radnorshire, which are probably in 
part composed of rocks of the same series, the line will reach nearly 
fifty miles. These hills do not form an unbroken range, but are 
here and there separated by broad intervals of comparatively level 
ground. ‘The more typical forms are triangular in transverse sec- 
tion, and semilunar viewed from the N.W. or 8.E., the greater 
length lying in the general direction of the chain. They are easily 
distinguished from the round-backed elevations of the Longmynd 
on the N.W., and from the ridges of the Caradoc Sandstone on the 
S.E., by their abrupt slopes and conical forms. They constitute a 
median axis, on each side of which run several parallel ridges with 
their escarpments facing towards it. On the west is the Longmynd 
range, succeeded at a distance of six miles by the abrupt edge of 
the Stiper Stones. On the east appear in succession the parallel 
elevations of Hoar Edge, the Chatwall ridge, and, at a greater dis- 
tance, the sharp escarpment of Wenlock Edge, overtopped by the 
less angular and less regular ridge of the Aymestry Limestone. 
Most of the flanking ranges lie in comparatively unbroken straight 
lines, and fall down steeply on the side looking towards the Precam- 
brian axis ; while the axial rocks themselves present a cone or boss 
at intervals only, and slope abruptly and evenly to both south-east 
and north-west. 


The following are the principal elevations, commencing at the 
north-east end of the chain :— 


* Messrs. Hill and Bonney, Quart. Journ. Geol. Soc. vol. xxxiy. p. 287, 
aote §, also recognize a second Precambrian group at Malvern, 
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a. The Wrekin Group. Lilleshall Hill, Ereal, Lawrence Hill, 
the Wrekin, Primrose Hill. 

b. Caer Caradoc Group. The Lawley, Caer Caradoc, the Ragleth, 
Hope Bowdler Hill. 

ec. Horderley Group. 

d. Kington Group. 


B. LirnorocicaAL AND STRATIGRAPHICAL CHARACTERS OF 
THE Rocks. 


1. Lilleshall Hill. 


This elevation is coloured on the survey map as “ altered Caradoc,” 
with a central boss of “greenstone.” I have seen no trace of 
greenstone or any other intrusive rock in the hill. The supposed 
Caradoc is of Precambrian age. 

Details—At the 8.W. end, in the road just below the village, is 
a hornstone of dark grey colour mottled with red. This is overlain, 
in a small opening immediately to the S.W. of the large quarry, by 
a grey thin-bedded ashy slate, with oval steatitic blotches on the 
planes of lamination, dipping N. 10° W. at 23°. In the great 
quarry there is a fine exposure of similar strata, much altered. 
Felspathic and steatitic matter are separated in the decomposition, 
and give in places a beautifully variegated appearance to the rock, 
pink and green colours predominating. Here and there the felspar 
has segregated in clusters and layers of red crystals. Some of the 
ashy beds are white and less altered. The general dip is N.N.W. 
at 30°. At the N.E. end of the quarry there is an interesting 
junction of the softer beds with an overlying hornstone. The latter 
is very hard and compact, approaching a hornstone ; while the 
former, in immediate contact with it, is so soft as to be easily 
scratched by the nail. In this place the ashy rock is very ferru- 
ginous, the iron peroxide separating in little round nests. The beds 
dip at 40°. The hornstone cannot be far from the horizon of a 
massive hornstone band which stands out as a craggy boss crowning 
the hill, and is probably the ‘‘ greenstone” of the Survey. N.E. of 
the summit, we have a repetition of grey ashy beds, dipping N. 10° 
W. at from 40° to 50°, succeeded by a felspathic breccia, composed 
of fragments of Wrekin rhyolite in a grey matrix. Some of the 
fragments show the characteristic banded structure. Breccias are 
abundant on the S.E. slope. The highest beds, clearly exposed in 
a long section at the N.E. end of the hill consist of alternations of 
ashy beds and hornstones, similar to those described, as represented 
in fig. 1. 

In this section the ashy bands are very clearly separated from 
the hornstones. ’ The beds 6 and d, for example, each about 10 feet 
thick, are soft and ferruginous, and have been excavated by weather- 
ing to a considerable depth ; while the band c, 5 feet thick, composed 
of hornstone precisely similar to the rock at the N.E. end of the 
great §.W. quarry, stands out like a sharp wall. 
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Fig. 1.—Section across N.E. end of Lilleshall Hill. 


a, c, e. Hornstone. 6, d. Ash. 


In a series of rocks from Charnwood Forest I have observed a 
slate which suggests, though it is quite distinguishable from, the 
grey slate S.W. of the large quarry. Prof. Bonney has also 
noticed this resemblance. 

On the N.W. side of Lilleshall Hill are faulted beds of Bunter 
Sandstone; and on the 8.E. the Hollybush Sandstone is thrown 
down. On the N.E. the axis of the ridge is prolonged under the 
Carboniferous Limestone, which is bent into an arch by the subse- 
quent elevation of the Precambrian axis. To the S.W., a 8.W. line 
of fault, Bunter Sandstone against Coal-measures, connects Lille- 
shall Hill with the Wrekin, and the axis is undoubtedly continued 
under the younger formations. 

Summary.—A §.8.W. ridge, composed of alternations of horn- 
stone and ashy slates and shales, with felspathic agglomerates in 
the middle. Average dip of 40° to N.N.W. Minimum thickness 
1500 feet. Bounded by two nearly parallel faults, converging at 
each end, Bunter Sandstone being thrown down on the N.W., 
Hollybush Sandstone on the 8.E. 


2. The Ereal (figs. 4 & 5, p. 650). 


Details —On the N.W. slope of this hill, just overlooking the town 
of Wellington, is a large quarry, distinguishable for miles by the 
colour of the bright red felspathic rock of which the exposure 
chiefly consists. Near the surface this rock is divided by very close 
joints, and it is easily shovelled away as gravel. It forms a broad 
zone, striking EK. and W. across the face of the quarry. It is under- 
lain by a grey or greenish-white rock, forming a zone parallel to 
the upper red band for the entire breadth of the section. The dip 
of the red rock is apparently to the S., that is, opposite to the pre- 
valent dip of the Wrekin chain. Following this rock from the N.E. 
end of the Ercal, just above the quarry, along the ridge to the 8.W., 
we come in about half a mile toa sudden change. The red rock 
abruptly gives place to a compact felstone, dipping N.N.W. at 50°, 
which is exposed in a buttress which supports the ridge on the 
N.W., and still more conspicuously in the broken crags at the 8. W. 
end of the hill. 

It might, at first sight, seem as if the Ercal were composed 
of beds lying in a synclinal; but the great difference between the 
rocks at the opposite ends appears to negative this supposition. I 
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believe that the ridge is cut across by a fault. This view is sup- 
ported by the abrupt change in lithological characters. At the 
point of junction the ridge is cut into by a ravine on the N.W. 
slope. The felstone spur forms one side (S.W.) of the hollow, and 
on its N.E. curve the red rock breaks up through the soil. 

The red rock is granitoid in character and probably of clastic 
origin. (See Note B, p. 664.) Its rectilinear junction with the 
grey rock seems to negative the supposition of an amorphous mass. 

The grey band is uncrystalline, much jointed, and very variable 
in colour and hardness. To the naked eye, it looks very much like 
a tuff, containing fragments of the characteristic Wrekin rhyolite, 
some of which are distinctly banded. Some of the included bits are 
rounded, like pebbles. Prof. Bonney is, however, clearly of opinion 
that this singular rock is simply another form of the Wrekin rhyo- 
lite intrusive in the red rock. (Note A, p. 663.) This revelation 
by the microscope is very interesting and important, and will be 
a great aid in correlation. 

Along the 8.H. flank of the hill strike the thick beds of quartzite, 
succeeded by the Hollybush Sandstone and the Shineton Shales, 
described in previous papers*. The quartzite probably holds the 
same position on the N.W. of the axis, but exposures are very 
scanty. 

Summary.—A 8.W. ridge composed of a bedded granitoid rock 
dipping southerly, and underlain by eruptive Wrekin rhyolite, at the 
N.E. end, and of grey and brown felstones with a N. dip for the 
remainder of its length, the two series being separated by a fault, 
the ridge being flanked by quartzite on the N.W., and by quartzite, 
followed by Cambrian strata, on the 8.E. 


3. Lawrence Mill (figs. 2, 4, 5). 


Details—The north-east end is composed of felstones similar to 
the opposite crags of the Ercal, and felstone may be traced all along 
the crest of the hill till we reach the edge of the great quarry, which 
exposes a considerable part of a transverse section of the chain. It 
was this magnificent exposure which first convinced me of the 
erroneous interpretation of the Survey. This supposed eruptive 
greenstone consists of felspathic tuff+, clearly bedded, and dipping 
north at 50°. The true bedding is much obscured by jointing, but 
it may be made out most satisfactorily by following beds to the 
right or left. Continuity of texture is thus as clear a proof of 
stratification as continuity of mineral composition in ordinary 
sedimentary rocks. The bands vary from a fine-grained ash to 
a breccia or a conglomerate. Even hand specimens sometimes 
distinctly show alternations of fine and coarse bands. In addition 
to this evidence of stratification, the seams separating beds and the 
exposed surfaces of the beds themselves are clearly visible. The 
coarser bands contain fragments of pitchstone and of felstone, the 


* Quart. Journ. Geol. Soe. vol. xxxiii. p. 652, and vol. xxxiv. p. 754. 
+ Described by Mr. 8. Allport, Quart. Journ, Geol. Soc. vol. xxxiii. p, 458. 
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latter sometimes displaying the characteristic banding of some of 
the Wrekin felstones. Fig. 2 shows the structure of the chain at 
this point. 

Fig. 2.—Section through Lawrence Hill. 
N.W. S.E. 


1. Bedded Precambrian tuff, dipping north. 
2. Quartzite. 
3. Hollybush Sandstone. 
a', a, a2, Doleritedykes. The position only of a? is indicated, and only 
so much of a? as is actually exposed is drawn. 


The shaded portion represents the strata exposed in the quarry. 
The continuation of the bedding beyond the quarry is indicated by 
the broken lines. The beds plunge into the face of the quarry 
obliquely, so that the section is taken at an acute angle with the dip, 
and the true dip is notshown. ‘The dyke @’ is well exposed, and, in 
its lower part, stands out like a wall. ‘The dolerite is fine-grained, 
and may be called basalt. It is considerably altered, calcite being 
deposited in the cracks, and the tuff in the vicinity of the dyke has 
also undergone more than its usual alteration. The changes in 
both cases I conceive to be due to the infiltration of carbonated 
waters subsequently to the injection of the basalt, the dislocation 
allowing passage to the water more freely than the unbroken strata. 
The altered tuff in proximity to the Lawrence-Hill dyke contains 
greenish matter, apparently some form of magnesian silicate, one of 
the commonest products of wet chemical decomposition. The 
surface of the dyke in contact with the tuff is minutely jointed into 
rectangular prisms an inch or two square, and lying with their 
long diameters at right angles to the bounding surface. I have 
detected two of these dykes, apparently a? and a*, on the Wrekin 
side of the ravine, in the road up to the cottage, and striking 
towards a mass of dolerite which protrudes at the surface within 
half a mile to the south-west in the summit ridge of the Wrekin. 

Fig. 2 also shows that on the south-east the tuff is overlain at a 
considerable angle by beds of quartzite, the former dipping north, 
the latter south-east. The quartzite is succeeded by the Hollybush 
Sandstone, and the Hollybush Sandstone by the Tremadoc Shales 
of Shineton. The planes separating all four formations from 
each other are probably strike-faults. The quartzite also occurs, 
but inconspicuously, on the north-west side of Lawrence Hill, dip 
undetermined. 

Summary.—A south-west ridge, composed mainly of felstone, but 
displaying at the south-west end a considerable thickness of 
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altered felspathic tuff, dipping north at 50°, and cut through by 
three basaltic dykes, which strike towards a mass of dolerite in the 
Wrekin. The ridge is flanked by quartzite on both sides, the 
beds on the south-east being succeeded by the Hollybush Sandstone 
and the Shineton Shales. 

4, The Wrekin (figs. 3, 4, 5). 

Details.—At the north-east end of the hill, opposite the great 
quarry in Lawrence Hill, there are numerous exposures of dark 
grey and reddish tuff, similar to the Lawrence-Hill series. In a 
large opening at the foot of the ascent, the tuff beds are pushed out 
into a rounded anticlinal spur. This contortion appears to be due 
to the intrusion of the mass of dolerite to which reference has been 
made. Two of the three Lawrence-Hill dykes are also visible on 
this side of the ravine; and it is evident that both the contortion 
and the dykes are due to the same cause. Between this point and 
the dolerite mass the tuffs are somewhat disturbed, the dip being 
pushed round to 20° west of north. Near the cottage the tuff is a 
breccia, which is sometimes conglomeratic, the pebbles consisting of 
felstone, pitchstone, and less frequently of quartz. The subjoined 
section shows the lie of the tuffs which compose the north-east end 
of the Wrekin, with their relation to the flanking deposits. 


Fig. 3.—Section across the Wrekin, north-east end. 


Faults. Fault. 
Seale about 8 inches to 1 mile. 
1. Bedded Precambrian volcanic tuff, dipping north. 
2. Quartzite (probably Precambrian), 
3. Hollybush Sandstone. 
4, Shineton Shales (Tremadoc). 

Ascending the hill above the cottage, we reach a round bare 
hump, the exposed apex of the greenstone mass*. It is composed 
of dark green dolerite, which in some parts is agglomeratic, in others 
amygdaloidal, with nuclei of calcite. In its colour, state of de- 
composition, and in all other respects this rock resembles the dykes 
of Lawrence-Hill quarry, with which it is undoubtedly connected. 
It would appear to have been an ancient volcanic vent. It is the 
only greenstone found in the entire Wrekin chain f. 

aoe noticed by Mr. Allport in the paper to which reference has been 
mace. 

t I have since detected greenstone at the S.W. end. 
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Following the ridge to the south-west, we come to a reddish 
felstone, the dip of which has been locally reversed by the disruptive 
greenstone. ‘This rock is continued for some distance. In places 
it is clearly banded into lamine of various colours, an alternation of 
dark chocolate with buff bands being the commonest variety. The 
laminz are sometimes contorted like the gnarled wood of an ancient 
oak. 

These Precambrian lavas are underlain near the summit by a 
greyish agglomerate, with fragments of brown felstone. The dip is 
northerly. 

At the summit and for some distance beyond is a considerable 
exposure of reddish and chocolate-coloured felstone. 

In the middle of the south-west slope, with the normal east and 
west strike, is a dark coarse tuff, undistinguishable in appearance 
from the beds near the cottage at the north-east end. 

Below the tuff we come to a compact red felsitic rock, underlain, 
in the saddle between the Wrekin and Primrose Hill, by typical 
agglomerate. 


Relations of the Wrekin aais to the flanking deposits. 


The volcanic rocks of the chain are fringed by quartzites *, 
which in every observed case (with one exception) dip away from 
the axis at an average of 45°. The exception is on the north-west 
side of the ravine, between the Ercal and Lawrence Hill, where the 
beds are nearly vertical, the dip being towards the axis. The base 
of the quartzite is brecciated, and the junction is evidently a fault. 
Towards the base the quartzite contains rounded fragments of 
banded felstone, similar to some of the Wrekin felstones. ‘The 
quartz rock is clearly younger than the axial rocks, and has been 
thrust up and thrown off on every side by the upheaval of a rigid 
wedge of the older series. Under the summit on each side, as 
shown in fig. 5, the quartzite appears to be absent; and it is pre- 
sumed that the crest of the Wrekin was an island in the Pre- 
cambrian ocean, and by its partial denudation furnished the felstone 
fragments imbedded in the quartzite. On the north-west the 
Bunter Sandstone is faulted down against the quartzite. On the 
south-east, the quartzite is succeeded by the Hollybush Sandstone, 
and the Hollybush Sandstone by the Tremadoc shales of Shineton, 
the junctions in both cases being parallel lines of fault. 

Figs. 4 & 5 will illustrate the series just described. Fig. 4 is a 
longitudinal section through the chain from end to end. ‘The dips 
are not fully filled in, only those being indicated which are ascer- 
tained with reasonable certainty. The quantity of dip cannot be 
shown, the section, as in the transverse section, fig. 3, being taken 
at an acute angle with the dip. The underground extension of the 
dolerite neck is, of course, hypothetical; it should be represented, 
if the space permitted, as sending off three dykes to the north-east. 
Fig. 5 is more instructive, since the true direction of the strikes is 
shown, and the relations of the flanking formations are indicated. 

* Described in Quart, Journ, Geol. Soc. vol. xxiv. p. 754. 
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Summary.—The Wrekin is a 8.W. ridge, composed of alterna- 
tions of bedded felspathic lavas and tuffs, with an average dip of 40° 
to the N. and a little to the W. of N., broken through and dis- 
turbed in one place by a mass of greenstone sending off dykes to 
the N.E., and flanked on both sides by quartzites, which on the 
S.E. are succeeded by the Hollybush Sandstone and the Shineton 
Shales. 


5. Primrose Hill. 


The Wrekin tuff is continued through the saddle connecting this 
spur with the Wrekin mass, and appears on the northern slope near 
the summit. The chief part of the hill is composed of rocks of an 
entirely different type. On the 8.W. slope, about twenty yards 
below the top, crops out a band of schistose rock dipping to the 
N.E. at 55°. It is a very quartzose granulite, the quartz being 
sometimes quartzite, and the felspar is like the red variety in the 
Ercal quarry. It is very irregular in composition, passing frequently 
into hornblendic gneiss, and sometimes approximating to a quartzite 
with a little red felspar. The W. andS8.W. slopes are occupied with 
granitoidite *, which appears to Prof. Bonney and myself identical 
with the red rock of the Ercal (Note C). On the N.W. side crop out 
numerous exposures of a compact rock, which Prof. Bonney has 
determined to be clastic and similar to hornstone. Some eruptive 
rocks break out in a few places. Amongst these I have observed a 
diorite, undistinguishable from a specimen in my collection from 
Malvern; and Prof. Bonney confirms this view (Note C, p. 665). 
Some of the granitoidite also is of the Malvern type, showing the red 
felspar and the small nests of mica, sometimes in a decomposed state, 
characteristic of the granitic type which I have from the Wych and 
the North Hill. In both localities there is also the same tendency to 
pass into hornblendic rock. Thestrike of the beds is also the same. 
On the whole, I have no hesitation in identifying the Primrose- 
Hill rocks with the Malvernian system. Further attempts at cor- 
relation are postponed to a future paper. The Wrekin tuffs are in 
contact with the older schists N.E. of the summit of Primrose Hill, 
and the plane of separation is undoubtedly a fault. The discord- 
ance of strike between the two groups suggests a considerable un- 
conformity. 


6. The Wrockwardine mass. 


Details.—The prevailing rocks of this area are purple and green 
felstones and breccias. At the village of Wrockwardine, green is 
the predominant colour. In one or two spots a greenish dolerite, 
highly decomposed and containing free calcite, has pushed its way 
up to the surface. In the lane leading from the village towards 
Cluddley are several exposures of rock like hornstone, and on a 
knoll to the K. of this road are purple felstones, whose clearly 
developed banding shows a 8.W. strike with a prevailing S.E. dip. 


* IT adopt this term from Prof. Bonney, Quart. Journ. Geol. Soc. vol. xxxy. 
p- 322, note *, 


ROCKS OF SHROPSHIRE. 653 


At Flax-Hill quarry, 8.W. of Wrockwardine, the purple-banded 
felstones are highly spherulitic. A dyke of earthy rock, a decom- 
posed greenstone, throws off the lavas towards the S.W. The 
felstone is continued for some distance to the S.W., and is seen at 
Leaton, one mile 8.W. of Wrockwardine. 

At about one mile 8.S.W. of Wrockwardine, midway between 
Burcot and the old turnpike on the Shrewsbury road, some very 
interesting rocks are exposed. They are very hard and compact, 
approaching hornstone in texture and fracture, but are clearly frag- 
mental. The contained fragments are green and purple felstone, 
the purple variety being sometimes banded. They vary in size from 
a pin’s head to a pigeon’s egg. Their shape is irregular, their out- 
lines being sometimes well defined, but often shading off into the 
matrix, which is frequently as compact as hornstone. This rock 
has seemed to me to favour the clastic origin of hornstone. The 
beds have a high dip tothe W. Associated with this breccia is a 
compact fine-grained rock, to which also Prof. Bonney assigns a 
fragmental origin (Note 2, p. 666). Underlying these strata, in the 
field to the E., is purple felstone (Note 1, p. 666). 

At Lea Rock, about half a mile W. of the last spot, are the 
banded felstones or altered perlites described by Mr. Allport in the 
Journal of this Society *. Nuclei of quartz, chalcedony, and agate 
give the rock a peculiar spotted aspect. The nuclei sometimes 
open out into geodes lined with quartz crystals. 

The induration which these and other rocks of the Wrekin area 
have undergone is due, I conceive, not to intense heat (for the rock, 
when in contact with intrusive masses, by no means displays greater 
hardness), but to the chemical action of infiltrated waters at perhaps 
very low temperatures. The dissolving power of water is well seen 
in some of the banded felstones, free silica being dissolved out and 
deposited in lines of minute quartz crystals along the lines of lami- 
nation. I haye also noticed in the quartzites that weathered surfaces 
constantly display a coating of recrystallized quartz. The dissolved 
silica may well haye acted as the cement to the flinty hornstones 
and breccias. 

Summary.—aA low rounded elevation, trending 8.W., composed of 
purple and green felstones and hornstones, with some highly indu- 
rated agglomerates, and broken through at intervals by greenstone. 
Bedding not very clear, but a general 8.W. strike, agreeing with the 
strike of the mass, but discordant to the usual strike of the Wrekin 
chain. 


7. Charlton-HMill area. 


Details.—Charlton Hill is an inconspicuous oblong elevation, three 
quarters of a mile from N. to 8. and half a mile from E.to W. The 
northern half is composed of tuff of the Lawrence-Hill type. This 
passes down towards the 8. into a massive bed of conglomerate (Note 3, 


* Vol, xxxiii. p. 454, 
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p- 667) striking across the centre of the hill from E. to W., and 
dipping to the N., that is, with the ncermal dip and strike of the 
Salop Precambrian rocks. The contained pebbles are well rounded; 
they consist of quartzite, quartz, gneiss, mica-schist, red felspar, 
and granitoid rock. This assemblage strongly suggests derivation 
from the Malvernian series represented at Primrose Hill*. The 
matrix is apparently ash. This bed is indisputably a subaqueous 
formation; it appears to be on the same horizon as the tuffs of 
the Wrekin. Following this conglomerate along the strike to the 
K., it is seen to end abruptly against a reddish felspathic rock, pro- 
bably intrusive. 

Below the conglomerate, and occupying the south end of the hill, is 
a rock which [ have cbserved in no other Shropshire locality. Itisa 
mass of porphyritic felstone, composed of crystals of red and green 
felspar in a dark green matrix. The hill at this point is flanked by 
quartzite. 

There is a fine exposure of Precambrian rock in the road 8.E. 
of Charlton Hill. In the upper part is a compact red felstone; 
below this are beds of greenish claystone, with gritty bands, made 
up of small rounded fragments similar to the pebbles of the chief 
conglomerate, the prevailing constituents being quartz and a red 
felspar. These seams of grit have all the appearance of derivation 
from the same land as the conglomerate, but from a greater dis- 
tance, the pebbles being much smaller and being more exclusively 
composed of the less destructible rocks. A little lower down the 
road is an instructive junction of the older Precambrian beds with 
the overlying quartzite, which dips §.8.E. at 60°. 

In a small boss to the 8. of Charlton Hill is an indurated tuff of 
the ordinary Wrekin type, associated with gritty beds. Quartzite 
dips away to the south. ; 

Summary.—Conglomerates, grits, claystones, and tuffs, with a 
general dip to the N.; felstone, sometimes porphyritic; quartzites 
dipping away from bosses of the older series in all directions. 


8. District between the Wrekin and the Lawley. 


The two areas are connected by a south-west line of fault. On 
this line igneous rocks are exposed at two points. The first is in a 
cutting on the Severn Valley Railway, near Cound Cottage, about a 
mile south-west of Dryton Bank. The rock is a dark brownish- 
green fine-grained dolerite, with amygdaloids of calcite. The other 
spot is a mile and a half further to the south-west, where a small 
quarry has been opened, on the opposite side of the ravine from the 
great sandstone-quarry of Cound Moor. Here also the rock is a 
greenstone; but it is more coarsely crystallized, the felspar and the 
augite (or hornblende) being readily distinguishable. Higher up on 


* Tn this conglomerate I have made out eighteen varieties, more than half 
of which I haye recently recognized in Anglesey.—C. C., Sept. 1879. 
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the slope of the hill this greenstone is overlain by beds of Caradoc 
sandstone. 


9. The Lawley. 


Deiwils—The centre of the hill is a mass of greenstone. At the 
Summit is a dark-green basalt. On the north-west slope the rock 
is coarsely crystalline, and is very similar to the greenstone opposite 
Cound-Moor quarry. The crystals of white felspar imbedded in a 
dark-green matrix give the rock a speckled appearance. In parts, 
where the greenstone is decomposed, mica and cubic iron pyrites are 
seen. Following the ridge towards the north-east from the summit 
we come, above Yew-T'ree House, to a grey felspathic breccia, which 
is continued for some distance to the north-east extremity, where 
coarse tuff, striking east and west in bands across the ridge, is 
broken through by black basalt. At the south-west end a red fel- 
sitic rock occurs. 

The Lawley is bounded by faults on both sides. On the west lie 
the Coal-measures of Leebotwood ; on the east runs a parallel valley 
excavated in Shineton Shales. At the south-west end quartzites are 
seen dipping away from the hill, and lapping round for some dis- 
tance to the east and north-east. Just below the quartzite at Cow- 
ley Farm, where the ridge breaks down into the ravine to the south- 
west, is a small exposure of grey grit with Caradoc fossils. The 
strange position of these beds will be perceived when it is observed 
that this fragment is separated from the Caradoc escarpment of 
Hoar Edge by an intervening ravine hollowed out in upper Cam- 
brian rocks (Shineton Shales). 

Summary.—A south-west ridge, composed of an intrusive mass of 
greenstone, with Precambrian tuffs and felstones at each end, 
lapped round by quartzites on the south-west and south, and bounded 
by faults on all sides. 


10. Caer Caradoc. 


Details—The N.E. spur, called Little Caradoc, is mainly com- 
posed of intrusive rock. At the north-eastern extremity is a mass 
of greenstone extending for several hundred yards along the ridge ; 
it is large-grained, the plagioclase prisms sometimes reaching nearly 
an inch, and is strongly distinguished from every other greenstone 
in the district. Resting on it to the 8.W. are some slaty beds of a 
flinty texture ; they are of slight thickness, and are disturbed by 
the intrusion of the greenstone. The remainder of Little Caradoc 
is chiefly composed of fine-grained greenstone. 

In the neck uniting this spur with Caer Caradoc proper the 
ereenstone is highly altered ; it is spotted with spherical concre- 
tions of radiated epidote. In some of the nuclei calcite is crystal- 
lized with the epidote. A similar rock extends for some distance 
along the ridge towards the summit. Quartz is sometimes substi- 
tuted for the calcite in the amygdaloids. 

The structure of the main mass is very varied. At the summit, 
where the remains of an ancient camp are visible, is a light-coloured 
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reddish felspathic rock, apparently a felstone, mottled with minute 
geodes of quartz, which is sometimes coated with viridite. The 
geodes show a tendency to lie in parallel planes, as if they had ori- 
ginally been air-bubbles in a lava-flow. To the 8.W. of the summit 
greenstone breaks out in the centre of the ridge, and keeps to the 
crest of the hill for some distance, being flanked on each side by 
grey felspathic rocks. Then the grey rock occupies the entire saddle, 
but greenstone soon reappears, and forms the axis of the range for a 
quarter of a mile, with the grey rocks, as before, on each side. An 
isolated boss of greenstone also breaks out on the S.E. slope. To- 
wards the S.W. end of the range is a very interesting series of 
bedded rocks, clearly dipping to the N.E., that is, at right angles to 
the trend of the ridge; they are undoubtedly fragmental and 
most distinctly stratified. Some of the beds are very thin. In 
some spots several varieties occur in a thickness of a yard. The 
common rocks are a coarse ashy shale, a coarse grit made of crystals 
of red felspar with grains of quartz, a similar grit with the frag- 
ments imbedded in a dark matrix (Note 4,p. 667), a felspathic breccia, 
anda compact felspathic rock with a flinty fracture. In one place I 
detected a thin band of quartzite, the only instance of the occurrence 
of that rock in the older Precambrian strata of the district. The 
Caer Caradoc range terminates with a mass of greenstone, which 
occupies the south-western slope, and by its intrusion has increased 
the dip of the overlying beds. 

On the Survey map this mountain is coloured as altered Caradoc, 
with four masses of intrusive greenstone irregularly arranged. 
The position of these intrusions, as well as the description of the 
bedded rocks, requires some modification. There are more than 
four eruptive masses, and they are generally arranged in a lincar 
manner along the crest of the ridge. 

The strikes in this range have been greatly disturbed by the 
greenstones. Wherever bedding can be made out in proximity to 
eruptive rock, the dip is away from the intrusive mass. On the 
whole it is probable that the original strike was in accordance with 
the prevailing E. & W. strike of the axial series. At the S.W. end, 
for example, where the bedding is most distinct, the dip is N.E.; but 
it is evident that if the intrusive boss which has disturbed the beds 
at that point did not exist, the dip would have been more northerly. 

Caer Caradoc, like the Wrekin, is a wedge of consolidated Pre- 
cambrian rock, thrust up through younger beds, and is consequently 
bounded by faults on all sides. In the Survey map, Wenlock strata 
are faulted down against the N.W. side of the ridge. This is quite 
correct as regards a part of the distance; but this Wenlock wedge 
has been carried by the surveyors too far tothe S.W. Towards the 
S.W. end of the hill the fault brings down against the axial rocks 
the slates of the Longmynd group, with their usual dip to the 
N.N.W. at a very high angle. On the S.E. side of the ridge the 
relations of the flanking strata are very complicated. At Little 
Caradoc the axial rocks are overlain by high-dipping quartzite, suc- 
ceeded by Hollybush Sandstone and Shineton Shales, with Caradoc 
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Sandstone plunging towards the latter. Fig 6 illustrates this 
arrangement. 

I believe the junctions of these flanking rocks to be faults in each 
case, the masses being sliced out of more extensive formations. 
These slices rapidly thin out towards the south-west, so that Caradoc 
sandstones gradually approach the axis, and, under the summit of 
the hill, they rest against it. Fig. 7 represents the relations of 
the flanking rocks at the south-west end of the mountain. 


Fig. 6.—Section across Little Caradoc and valley to the South-east. 
(Length of Section about half a mile.) 
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a. Greenstone of Little Caradoc. b. Quartzite. ¢. Hollybush Sandstone. 
d. Tremadoc (Shineton Shales). e. Caradoc. 


Fig. 7.—Section across Caer Caradoc towards its South-west end. 


(Length of Section about 1 mile.) 
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Summary.—Caer Caradoc is a wedge of rock limited by faults 
striking 8.W., composed of felspathic grits, felstones, ashy shales, and 
indurated claystones, which are locally disturbed by several pro~ 
trusions of greenstone arranged in a line along the axis. On the 
N.W. the hill is bounded partly by Wenlock limestone and shale, 
and partly by Longmynd slates ; on the S.E. by quartzite, succeeded 
by Hollybush Sandstone and Tremadoc Shales at the N.E. end, and 
by contorted Caradoc Sandstone for the remainder of the length. 


11. Helmeth Mill. 


This low narrow ridge continues the line of Caer Caradoc for a 
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short distance to the 8.W. A green felspathic rock is seen at one 
spot on the 8.E. slope. 


12. Hazler Mill. 


A greenish breccia occurs at the north-east end, near the road to 
Church Stretton. <A similar rock is seen at the south-western extre- 
mity, where it is associated with a dark compact felstone. Here sets 
in a mass of greenstone, which forms the crest of the low ridge 
connecting Hazler with Ragleth. This rock is well seen in a quarry 
at the side of the road. In places it is spotted with amygdaloids of 
calcite, 


13. Hope Bowdler and Cardington range. 


Details—At the most westerly summit, called the Gaer Stones, 
the prevailing rock is grey, earthy, rather compact claystone. A 
similar material also occurs as the matrix of a grey breccia. On 
the slope to the E. of the crest is a rough grit of red felspar and 
quartz fragments, the former predominating. 

Following along’ the ridge to the E., we come next to Hope-Bowdler 
Hill. Here also the rock is for the most part fragmental. Several 
varieties of breccia occur, the fragments being of quartz and felspar, 
and the matrix presenting a very ashy appearance. This breccia 
thins out towards the EK. 

On the southern slopes of Cardington Hill, at a lower horizon 
than the clastic beds, is a fine development of green and purple fel- 
stone, the latter predominating. This rock is magnificently exposed 
in the crags overhanging the gorge which runs up from near Wood- 
gate into the heart of the ridge. Itis compact in texture, with scat- 
tered felspar crystals, and is banded and spotted with darker colours 
(Note 5, p. 667). It is limited below by a bed of grit to be shortly 
described; and, as there are no signs of disturbance either above or 
below, I infer that it is not intrusive. In the mouth of the ravine, 
the Survey has assigned to the purple felstone a dip towards theS. ; 
but I am by no means certain that the alleged bedding is not due to 
jointing. Towards the K. this felstone band approaches nearer and 
nearer to the overlying quartzite of the Sharp Stones through the 
thinning out of the breccia. 

To the §.W. of this gorge, on the ae of Woodgate, is one of 
the clearest sections of the entire Precambrian series. The succes- 
sion, taken in ascending order, is as follows :— 


(1) Grey felspathic grit, much kaolinized ; 7 to 8 feet. 

(2) Purplish felstone, compact, with small felspar crystals disseminated, 
weathering white at surface ; 15 feet. 

a Speckled grit (Note 6, p. 668), composed of grains of white felspar kaolinized, 
of small crystals of r ed felspar, and of green chlorite (?) in scales (which some- 
times display a striated “slickenside” surface), and disseminated through 
the mass; very small rounded pebbles occasionally occur; the white and 
green minerals form alternating lamine; barium sulphate is seen in small 
nests and veins: 20 feet. 

(4) Purple felstone, passing up into the mass previously described. 
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_ The section displays a very clear dip to the N. at 80°. 

About half a mile to the E. of Woodgate, near the farm of Un- 
derhurst, is an exposure of a granitoid rock, not unlike the imper- 
fect granite of Primrose Hill, but containing more chlorite. 

On the W. side of the main axis, where the Cardington promon- 
tory springs from the side of the chain, Longmynd slates (coloured 
“Caradoc” by the Survey) are faulted down against the Precam- 
brian rocks of Helmeth and Hazler Hills. On the east, the spur pro- 
jects into an area of Caradoc Sandstone. Near the village of Car- 
dington, the rocks just described are overlain by bedded quartzite, 
forming the Sharp-Stone ridge, and dipping N. at a high angle with 
a strike of half a mile. The older series and the quartz rock to- 
gether form the promontory, which is surrounded, except at its neck, 
by Caradoc Sandstone with its normal §.W. strike. 

Summary.—A great spur, with an H. and W. strike, projecting 
from the H. side of the main chain at Hazler Hill, composed of 
breccias and grits in the upper part, underlain by massive felstone 
with alternations of altered grit and felstones below, and red gra- 
nitoidite at the base, the whole dipping at a high angle to the N., 
thrusting up quartzite in front, and being surrounded by Caradoe 
Sandstone with its usual S.W. strike. Longmynd slates faulted down 
against the W. flank of the main ridge. 


14. Ragleth Fill. 


Details —This elevation is coloured on the Survey Map as altered 
Caradoc, with a linear mass of “ greenstone ” running about haliway 
along the crest from the N.E. end. This “ greenstone” has no ex- 
istence, the ridge being occupied by a compact greenish-grey clay- 
stone, which also makes up the chief mass of the north-easterly half 
of the mountain. On the $.E. slope, midway between each end, are 
beds of thinly laminated greenish fine-grained slate, very similar to 
ordinary Longmynd slate, and displaying the normal dip (W.N.W.) 
of that formation. This coincidence of dip is apparently due to a 
local pretrusion of a highly altered greenstone which breaks out of 
the side of the hill at this point. The slaty beds are overlain by 
compact reddish felstone. At a little distance to the W., similar 
slate is interstratified with a coarse felspathic grit with a few grains of 
quartz. Towards the south-west end the grit appears with an EK. and 
W. strike, associated with a grey compact claystone (Note 7, p. 668). 
Alternations of slaty and brecciated bands areseen. At the extreme 
§.W. end is a fine-grained grey claystone in thin beds dipping at a 
high angle to the N.N.E. A little to the west of this spot is a knob 
of dolerite, containing much free calcite, and breaking to the surface 
at about the line of fault between the Cambrian and Precambrian 
rocks. ‘This protrusion appears to have produced the deviation in 
the strike of the claystone from the normal EK. and W. direction. 

Caradoe rocks bound the §.H. side with a faulted junction; they 
also lap round the §.W. end, where they dip to the 8. They are 
underlain by a coarse conglomerate with a $.W. dip. This rock is 
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chiefly made up of pebbles of quartz, and contains flakes of silvery 
mica, apparently due to subsequent alteration, 

In the N.W. side of the hill, the fault brings down Longmynd 
strata against the Precambrian axis. The slates which rest against 
Hazler Hill are continued for about one third of the length of the 
Ragleth, when they suddenly give place to the purplish felspathic 
sandstones which lie in force to the 8.W. ‘The relations of these 
subdivisions of the Longmynd series are not yet fully known, and do 
not concern our present purpose. 

Summary.—A 8.W. ridge composed of claystones and felspathic 
grits; a W.N.W. dip, due to a greenstone protrusion on the 8.E. 
side, and a N.N.H. dip at the 8.W. end, with another greenstone 
mass a short distance to the W.; Caradoc rocks faulted against the 
S.E. side and lapping round the 8.W. end; Longmynd slates and 
sandstones faulted down on the W.N.W. 


15. Wartle-Knoll Group. 


East of the farm named Carwood is a small conical knob composed 
of brownish felstone full of closely approximated joints(Note 8, p.668). 
Wartle Knoll, a loftier elevation, is chiefly made up, especially in the 
centre, of a breccia of quartz and felsitic fragments. Felspathic 
rocks of an obscure character are found on the slopes. The Carwood 
mass is coloured as Caradoc by the Survey. Its position on the S.W. 
axis, together with its resemblance to some of the Precambrian vol- 
canic series, renders its Precambrian age almost certain. Wartle 
Knoll rises up through Longmynd strata, and is coloured as such on 
the Map; but on the whole it resembles Precambrian rather than 
Cambrian rock. 

The Precambrian axis is evidently continued under the purple 
Longmynd sandstones of Hopesay Common, and underlies an anti- 
clinal of Caradoc rocks at Corston, two miles 8.W. of Wartle 
Knoll. 


16. Aington Group. 


Hanter Hill is composed of gabbro on the E. side and dolerite at 
the summit. On its N.H. slope is a small exposure of a grey grani- 
toid rock (Note 9, p. 668). 

Stanner Rock contains similar dolerite and gabbro. In about the 
centre of the ridge is a grey compact felstone. At the N.E. end is 
a dark grey grit with obscure E. and W. bedding, and near it to the 
S. is a quartzose breccia. In the same locality is seen a greyish 
granitoid rock, similar to the specimen at Hanter Hill. The struc- 
ture of this ridge suggests that of the Lawley. 

I refer this group with hesitation to the Precambrian period. The 
rocks are brought up on the same axis of upheaval, but the litholo- 
gical resemblances are not at present very decisive. The greenstones 
are, of course, eruptive and posterior. 
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C. Eymwrencr FoR PRECAMBRIAN AGE. 


1. Stratigraphical. 


It will be sufficient to collect a few of the facts detailed in the 
previous sections. 

On the 8.E. side of the Wrekin the proof is very clear. The axial 
rocks, striking W.S.W., are overlain by quartzites striking to the 
S.W. The quartzites are succeeded by the Hollybush Sandstone, and 
the Hollybush Sandstone by the Shineton Shales (Tremadoc). The 
Hollybush must thus be of, at least, Upper Cambrian age; the 
quartzites must be of, at least, Lower Cambrian age (they are proba- 
bly Precambrian), and the volcanic series must be Precambrian. 
The discordance between the axial and the flanking rocks will be 
still more evident when the dips are compared. ‘The volcanic series 
dips N.N.W., while the quartzites dip 8.K. <A greater unconformity 
could hardly be imagined. These relations are expressed in figs, 
2, 3, and 5. 

In Caer Caradoc the sections are still more satisfactory. Un- 
doubted Lower Cambrian rocks, the Longmynd series, are brought 
down against the N.W. side of the axis, the discordance of strike 
between the two formations approaching a right angle, the Pre- 
cambrian beds dipping northerly, the Longmynd slates westerly (see 
fig. 7). ‘These Lower Cambrian rocks probably hold the same rela- 
tion to the axis on its N.W. side as far to the N.E. as Wrockwar- 
dine, or even to Lilleshall, being masked by a thin covering of Car- 
boniferous strata at the N.W. base of the Lawley, and by Triassic 
deposits in the Wellington district. 

The Wrekin and Caer Caradoc chain is the axis of a great anti- 
clinal. The formations dip away on both sides, and their dip is de- 
termined by the upheaval of the Precambrian nucleus. But the 
axial rocks themselves do not share in the anticlinal arrangement, 
being wedges of stratified rock thrust up, after consolidation, between 
parallel faults. This peculiar method of mountain formation is 
paralleled in the Malvern chain and in the Dimetians of St. Davids, 
J have elsewhere * described this structure as ‘“ plagioclinal.” 


2. From included fragments. 


In the middle of the Longmynd series of Haughmond Hill, near 
Shrewsbury, is a great bed of conglomeratey, coloured ‘ green- 
stone” on the Survey Map. It commences a hundred yards or so 
E. of the Castle, and runs in an unbroken line for more than a mile 
to the N.N.E. Its superior hardness gives it in some places a some- 
what mural appearance. It is made up of rounded pebbles cemented 
in an ashy-looking matrix. Amongst the pebbles I recognize a grey 


* Geol. Mag., May 1879. 
+ [have already used this argument in the ‘ Popular Science Review,’ January 
1879, 
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hornstone, like one of the Lilleshall rocks, and a chocolate felstone 
with a few scattered prisms of felspar, very similar to some of the 
Wrockwardine types. This conglomerate shades off gradually, both 
above and below, into the ordinary Longmynd sandstones. ‘There 
is little doubt that this band has been derived from the series de- 
scribed. 

I have already mentioned that on the N.W. flank of the Ragleth 
and further to the 8.W., the Longmynd series is represented by a 
felspathic sandstone. This rock is chiefly made up of quartz and a 
red felspar, and it is highly probable that it has been produced by 
the degradation of the granitoid series. 

In my paper “On the Quartzites of Shropshire” (Q. J. G. 8. xxxiv. 
p. 760), I state that “towards its base the quartz-rock contains 
fragments derived from the older series, consisting of small rounded 
or unrounded pieces of felstone greatly decomposed, but in some 
cases showing distinctly the banded structure characteristic of some 
of the Wrekin felstones.” As the quartzite is of (at least) Lower 
Cambrian age, the felstone must be Precambrian. Professor Bonney 
has examined some of these specimens, and he quite confirms my 
previous opinion (Note D, p. 666). 


GENERAL SUMMARY. 


1. The axial chain of hills in South Shropshire must be removed 
from the category of intrusive greenstones, and regarded as built up 
of bedded rocks broken through by later basic eruptions. 

2. The chain is flanked by various formations from the Lower 
Cambrian to the Trias. Some of the flanking deposits, which are of 
(at least) Lower Cambrian age, are partially or wholly derived from 
the axial rocks. By the double test of stratigraphical position and 
included fragments the bedded part of the chain is thus shown to be 
of Precambrian age. 

3. The lithology of the chain is very varied. (1) Metamorphic 
rocks of Malvernian (the author) or Dimetian (Professor Bonney) 
type. (2) Volcanic (Mr. Allport, Professor Bonney, and the author). 
(3) Sedimentary, as conglomerate, grit, claystone, and shale. 

4. The separate masses composing the chain are wedges of the 
solidified crust thrust up through younger deposits between great 
parallel S.W. faults. The structure of the ridges is plagioclinal 
(the strikes being across the axis), and their direction is determined 
by the faults. 


Notes on the Microscoric Srrucrure of some SHROPSHIRE Rocks. 
By Prof. T. G. Bonnny, M.A., F.R.S., Sec. GS. 


Av Ercal Hill, to the north of the Rhyolites of the Wrekin, so 
admirably described by Mr. 8. Allport*, is a mass of reddish granitoid 


* Quart. Journ. Geol. Soc. vol. xxxiii. p. 449, &e. 
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rock. Microscopic examination of a slide of this caused me to suspect 
that it was not a true granite, even before the investigation of Dr. 
Callaway’s specimens and our joint visits to the locality. Besides the 
granitoid rock, there is seen, in the lower portion of a large pit, a com- 
pact greyish rock; both these have here been very fully examined 
with the following results :— 

(A) Compact type-——Five specimens in all have been examined, 
three from different parts of the greyish mass forming the lower 
portion of the pit, two from its upper left-hand corner, where the 
rock has a redder colour and a very fragmental aspect. As regards 
the first three, under the microscope they possess in common far 
more resemblance to the rhyolites described by Mr. 8. Allport than 
one would suspect from their macroscopic aspect*. All, seen by 
transmitted light, have a more or less glassy aspect, and with cross- 
ing Nicols exhibit the usual devitrified structure. For the details of 
this I content myseli with referring to Mr. Allport’s descriptions, 
and will merely call attention to the structural variations in each 
specimen. 

(1) A compact buff-grey rock from the base of the quarry (‘“ fairly 
typical, very jointy”—C. C.). This exhibits a great number of 
somewhat faintly defined crystallites of a rather curved or wavy form, 
such as are figured by Zirkel in the 8.E. corner of figure 4, plate 
vill. “‘ Microscopical Petrography ” (U.S. Geol. Explor. of Fortieth 
Parallel), which give slight indications of a fluidalarrangement: and 
there are numerous minute filmy brown patches of what may be an 
iron mica, both isolated and in clusters, associated with a fibrous 
mineral showing with crossed Nicols a bright golden colour ; minute 
fibres of the same are disseminated over the slide. The white specks 
visible in the rock are probably decomposed felspar; the only one, how- 
ever, on the slide shows spherulitic structure towards the exterior, and 
may be simply a fragment of glass. There are one or two included 
fragment-like bits containing much opacite 7. 

(2) A dull green rock, marbled or spotted with pinkish buff, from 
the upper part ofthe mass. General character fairly similar to last, 
except that in parts a fluidal structure is more conspicuous, and 
there are abrupt changes in the microlithic structure, with compara- 
tively sharp lines of division, as is common in glassy rocks; cracks 
traverse the slide, filled now with microlithic minerals, chiefly quartz ; 
some of the spots, as in the last, are probably fragments in a slightly 
different condition. 

(3) A marbled dull greenish and pale-red rock, also from the 
upper part of the grey mass (‘taken from a place where there is a 
marked concentric spheroidal jointing ”—C. C.). 

Parts of this slide exhibit a beautiful perlitic structure; other 


* The marked difference in colour is due to the fact that the normal Wre- 
kin rocks are full of desseminated opacite and rich red ferrite, while in these 
from the Ereal the corresponding mineral is a pale-brown ferrite. 

+ This pseudo-clastie character, the result, doubtless, of motion after partial 
consolidation, is not uncommon in glassy rocks. Mr. Allport has giyen mea 
most interesting example of it from the other part of the Wrekin. 
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parts groups of spherulites, with radial structure, some being about 
03 inch in diameter. 

To avoid repetition it is enough to refer to Mr. Allport’s descriptions 
and plate (Joc. cit. pl. xx.)*. 

(4) and (5) are taken from the upper part of the pit on the left- 
hand side. ‘They are much redder in colour than the others, are more 
like the granitoid rock, and have a very fragmentalaspect. A glance, 
however, at the slides under the microscope shows that they exhibit 
the usual aspect of a devitrified glass, with a rather brecciated 
structure, of the character already described, both specimens show- 
ing indications of finidal structure. In the one this is very clear; 
in the other, more or less perfectly developed spherulitic structure in 
frequent. Aiter a careful study of these various slides, and com- 
parison of them with my collection from other parts of this district, 
I have no hesitation in asserting that the compact rock of this pit is 
only the Wrekin rhyolite somewhat altered by various subsequent 
chemical changes, and that it must be regarded as intrusive in the 
granitoid rock. 

(B) Granitoid type—Of this I have had five slides prepared from 
specimens taken from various parts, from the lowest to the highest 
exposures. All may be described as consisting mainly of quartz and 
felspar, with a little iron peroxide (species uncertain) and a yery 
small quantity of chlorite (?). The quartz contains many very 
minute enclosures; the felspar is rather decomposed, and stained 
with ferrite ; orthoclase and plagioclase (? oligoclase) are both com- 
mon; and there is much cross-hatching and interbanding visible. 
Some grains rather resemble microcline. Indications of graphic 
structure, especially on a minute scale, arenot rare. As regards the 
specimens from the middle part of the mass, I cannot venture to 
express a positive opinion; they are very like a variety of granite, 
and yet there is a something, impossible to express in words, which 
reminds me rather of the granitoidites of the “ Dimetian” series in 
Wales than of true granitic rocks. The specimens, however, from the 
bottom part of the mass (as may even be seen by the unaided 
eye) are certainly clastic. Rather rounded fragments, consisting of 
quartz and felspar, often exhibiting a minute graphic structure, are 
imbedded in a matrix containing smaller fragments of quartz, often dis- 
tinctly angular, and of felspar; the matrix also appears to be composed 
of these two minerals, in an extremely fine state of division, but often 
showing an approach to graphic structure. One of two explana- 
tions is alone possible: either the granitoid rock has been crushed 
in situ (owing probably to the intrusion of the rhyolite); or we 
have here a quartz-felspar grit, which, though highly metamorphosed 
(the more finely divided constituents having crystallized in situ), 
still retains traces of its original structure. 

After the best consideration which I can give to the question, I 


* Thbelieve this is the first time that perlitic structure has been noted at 
the Wrekin. Mr. Allport’s specimens were all from Lea Rock, where spherulitic 
structure also is much more common. I have since found specimens in this 
Ercal pit showing to the unaided eye very distinct spherulitic structure. 
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incline to the former view. But whether this rock be a granite or a 
granitoidite (and I believe it the latter), there can be no doubt that 
it is far older than the rhyolite, and thus we may regard it as, in 
general terms, a representative of the ‘ Dimetian ” series. 

(C) A very similar rock occurs at Primrose Hill, just 8. of the 
Wrekin. ‘Two specimens collected by Dr. Callaway, labelled 
“summit” and ‘“N.W. slope halfway up,” in mineral constituents 
and general character so closely resemble the Ercal rock, that we 
need not hesitate to class them as belonging to the same series. 
The former, in structure, is similar to the specimens from the middle 
part of the Ercal granitoidite; the latter exhibits a clastic struc- 
ture very distinctly in parts of the slide; so that here also we must 
suppose a most exceptional case of local crushing or admit a clastic 
origin. 

Gneiss, Primrose Hill.—The slide was cut from a specimen whose 
banded structure showed even to the unaided eye that it was a 
gneiss. Microscopical examination proves it to be a most character- 
istic example : it consists of irregular quartz grains with the inter- 
stices often occupied by a granular mineral (ofa dull yellowish colour 
with transmitted light, and rather brilliant tints with crossing 
Nicols), probably a secondary product and possibly epidote, with fel- 
spar, mica, and a greenish chloritic mineral. ‘There is the usual ten- 
dency on the part of the different constituents to collect in bands. 
The rock is not yery rich in felspar; some of this is very character- 
istic microcline. ‘lhe mica is colourless with transmitted light, and 
shows very brilliant tints with the Nicols. The green mineral rather 
resembles chlorite than hornblende. 

Gneiss, Primrose Hill_—The specimen was selected as an example 
of one of the less obviously gneissic varieties. Under the microscope, 
however, its structure is clearly that of a metamorphic rock. As 
might be expected from the darker aspect of the specimen, it is 
poorer in quartz than the last, and has much of a chloritic mineral, 
not, i think, hornblende, though perhaps replacing it, also some de- 
composed felspar and a good deal of the epidote-like mineral named 
above, probably replacing felspar. 

Two other specimens from the N.W. side, near the top, are very 
different. One is a compact dull greenish rock of rather brecciated 
aspect, the other a cherty-looking rock of a brownish-buff tint. The 
former appears to consist of rather angular fragments of felspar, 
with some quartz of variable size, imbedded in an earthy-looking 
matrix, often dark with opacite, and with some chlorite—a rock of 
clastic origin, though considerably altered. The other is even more 
distinctly fragmental; the matrix is earthy-looking and not quite 
so dark as the other, occupying a‘larger part of theslide. The frag- 
ments, as before, are quartz and felspar ; and many of them show a 
minute graphic or fibrous structure, as exhibited in the above- 
described specimens, suggesting these as the source whence their 
materials haye been derived. 

The specimen labelled “halfway up” is a very different rock. 
It is of igneous origin, rather finely crystalline, consisting of felspar 
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and hornblende, both rather decomposed, with a little iron peroxide 
and chlorite. ‘The felspar is mainly plagioclastic ; but some crystals 
resemble orthoclase. It is possible that the hornblende may be of 
secondary origin ; but the rock can now only be defined as a diorite. 
It is not unlike one of the ‘“ traps” from Malvern in my collection. 

(D) The Quartzites—The first specimen, from ‘‘near the cottage on 
the Wrekin,” and thus from quite the lower part of the quartzite series, 
contains numerous rather angular fragments, some +" long, of a 
material like decomposed pumice. Microscopic examination shows 
that the rock consists of well-rounded quartz-grains and fragments 
of varying size, some rounded, but most rather angular, of a rather 
decomposed rhyolitic rock, doubtless that of the Wrekin. One frag- 
ment still exhibits perlitic structure. There is but little cementing 
material, and this appears to be quartz. The quartz-grains are 
pretty full of very minute enclosures, and bear a strong resemblance 
to those of the granitoid rock described above. 

There is a point of general interest in this rock worth noting, 
namely, that the quartz ‘‘ cement,” which is obviously of secondary 
formation, is often deposited so as to form one crystal with that in a 
grain (proved, of course, by their giving the same tint with crossing 
Nicols). The boundary of the grain, however, is clearly shown by 
the cessation of enclosures, from which this secondary quartz is 
remarkably free. 

The second specimen is from “ section 8.E. of Charlton Hill.” It 
consists of similar quartz in smaller grains, and finer fragments 
(often almost triturated and acting as cement) of a rock which 
appears to be rhyolite. The third specimen, ‘‘ W. of Rushton, N.W. 
of Wrekin,” is rather coarser than this ; of the presence of the rhyo- 
litic rock here, though in smaller grains than in the first, there can 
beno doubt: some of the quartz is very full of enclosures. Magnified 
about 70 diameters, they appear as dusky specks, about 200; some 
remain opaque, but most prove to be cavities of variable form, in the 
larger of which I sometimes detect very minute bubbles, but cannot 
distinguish any in the smaller. Some of the grains themselves 
- exhibit a compound structure, as if derived from an older quart- 
zite. 

(1) Hast Field, near Burcot.—A glassy-looking rock, with wavy 
irregular lines of opacite and ferrite, indicating a fluidal structure, 
and occasional well-preserved felspar crystals, with rather broken 
edges. Both orthoclase and plagioclase can be recognized ; with 
crossed Nicols a minute eryptocrystalline structure is visible, a con- 
siderable part of the slide being dark. The basis has once been 
glassy, and, so far as can be ascertained, a portion yet remains 
undeyitrified. The rock appears to an old rhyolite of the Wrekin 
type. 

(2) Burcot, Wrockwardine.—The microscopic structure of this 
rock comes rather near to that of no. 5, and it is not without hesita- 
tion that I place this among the sedimentary. The mineral compo- 
sition, however, is, I expect, not very different. Parts of it with 
crossed Nicols show a very similar structure; but the aspect of this 
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is more distinctly fragmental, and the bands of ferrite and opacite, 
with which occasionally occur slightly larger fragments of felspar and 
quartz, give the rock, as in the hand specimen, the appearance of 
one banded by deposition rather than by flow. It might be formed 
of the finest dust of such volcanoes as produced the Wrekin rhyolites, 
or by the denudation of such rocks. 

(3) Charlton Hill.—This rock consists of well-rounded fragments 
in a matrix which resembles a mixture of decomposed felspar and 
chlorite. Among the fragments I recognize the following varie- 
ties :—(a@) a fragment of very typical granitoidite with character- 
istic quartz, finely banded plagioclase, and a mica (? paragonite); 
also one or two smaller fragments, possibly of the same rock; (b) a 
rock apparently consisting of decomposed felspar and chlorite, in 
general appearance rather like diabase, probably a schist; (¢) a 
rather schistose fragmental rock, consisting of quartz, chlorite, and 
decomposed felspar; (d) a rock having a fine granular ground-mass, 
with some viridite pseudomorphs, some nests of quartz, with viridite 
and (?) epidote, origin doubtful, but probably clastic; (¢) a quartzite; 
(f) a quartzose rock, consisting of long angular quartz fragments in a 
rather fibrous fine-grained matrix, containing probably a little of a 
chloritic mineral. 

(4) Caradoc.—This rock is undoubtedly clastic, though at first 
sight it resembles, to the eye, a fine-grained granite. The fragments 
are more or less rounded and about equal in size; they compose the 
greater part of the rock, the interstices being occupied with a finely 
granular rather earthy-looking matrix. Quartz predominates 
among the fragments; it contains the dusky-looking enclosures, which 
show an approach to a linear arrangement rather characteristic of the 
older rocks both here and in Wales; there is a fair amount of felspar, 
much of it orthoclase, showing sometimes a cross-hatched structure 
(? a little microcline), and some plagioclase. Some of the felspar is 
very full of enclosures; we find also fragments of a brown glassy- 
looking rock, some of which show fluidal or spherulitic structure, 
and closely resemble the Wrekin rhyolite. There is a good deal of 
scattered ferrite and opacite, with microliths of chlorite, epidote, 
and apatite (?). The appearance of the slide induces me to believe 
that its material has been derived from the rhyolitic and granitoid 
Wrekin rocks. 

(5) Hope Bowdler.—A base, apparently glassy, but rendered 
almost opaque by ferrite staining, and crowded with acicular felspar 
microliths. Several larger crystals of felspar are scattered about 
the slide, both plagioclase and orthoclase being, as usual, recognizable; 
they are very full of microlithic products, ferrite, minute enclosures 
of dark glass (?), &c., also a few grains of a greenish mineral, pro- 
bably decomposed augite or hornblende. One crystal shows the 
characteristic cross section of the former; needles of apatite are 
sometimes associated with these. ‘There are, as usual, larger grains 
of iron peroxide. The slide exhibits numerous darker patches with 
well-defined rounded outline; these seem to correspond in all respects 
with the rest of the slide, except that they are coloured by a black, 
instead of a brownish peroxide of iron. 
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(6) Woodgate quarry.—Rolled and subangularfragments of quartz, 
decomposed felspar, grit, and rhyolite or mudstone. There is also 
a large quantity of a streaky chloritic mineral, and many of the 
fragments appear to be stained with ferrite. Parts of the slide pre- 
sent some resemblance to organic structure, such as sponge-spicules; 
but, after repeated examination, I believe that they are rhyolitic 
fragments with crystallites of the form mentioned above (p. 663). 

(7) S.W. slope of Ragleth—This rock, which, macroscopically, 
appears to be a compact yellowish-grey mudstone with a few lighter 
spots, exhibits under the microscope a minute confusedly granular 
structure, being apparently composed of fine felspathic mud, stained 
with ferrite, in patches more or less irregular and containing a fair 
amount of opacite. Some rather acicular doubly refracting micro- 
liths may be of secondary origin, as are the felspathic (?) infiltrations 
of a crack. There is nothing characteristic about the rock, which 
might be of any age from Silurian downwards. 

(8) £. of Carwood—This rock is a good deal decomposed ; itappears 
to have undergone some brecciation in situ, and to have been re- 
cemented, quartz and epidote occurring in the cracks. It might bea 
decomposed rhyolite with a faintly marked flow-structure, or it 
might be an altered mudstone, the detritus of a rhyolite. I hesita- 
tingly incline to the former identification. 

(9) NE. of Hanter Hill—The specimen consists of quartz, 
felspar, a little of a chloritic mineral (probably replacing hornblende 
or biotite), and ferrite. The quartz is full of minute enclosures, 
which give it, in parts, a dirty aspect. These, on applying a high 
power, appear opaque, being probably earthy or ferruginous ; others, 
however, are transparent,—whether cavities or microliths of some 
mineral I cannot with certainty determine; some show a very mi- 
nute black speck, as if they were nearly full of a fluid. The felspar 
is much decomposed; probably it is chiefly orthoclase, but the 
characteristic banding of plagioclase is also visible. The rock is 
evidently of fragmental origin, one part of the slide showing many 
small grains and rather a different structure from the rest ; but it has 
been a good deal altered, and in general aspect recalls specimens of 
the granitoid Dimetian rocks which I have examined. 

West Field, Burcot.—A rhyolitic agglomerate, apparently wholly 
composed of volcanic material. Some of the larger fragments exhibit 
different varieties of fluidal structure, and one shows excellent per- 
litic structure. 

Lilleshall.T wo specimens, collected by myself about two years 
since, have been examined ; one (from the top crag on the S. flank 
of the ridge) is a rhyolitic agglomerate, like, but rather more de- 
composed than, those at the Wrekin described by Mr. Allport*. 
The other is a rhyolite (devitrified) with rather obscure indications 
of spherulitic structure. It occurs just 8. of the monument, and is 
probably part of a small coulée; but its relations to the other rocks 
are not very clear. 

As the result of the investigations above described, I should con- 

* Quart. Journ. Geol, Soc. vol. xxxiii. p. 458. 
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clude, from microscopic evidence alone, irrespective of that obtained 
in the field, that the granitoid series was much older than the other 
rocks, and that materials from it, together with fragments from the 
rhyolitic series, had been worked up into several of the later clastic 
rocks. It is remarkable that we find herein Salop, as in Caernavon- 
shire, a metamorphic group and a felsitic group (with considerable 
similarity in each case) in apparent sequence, yet with marked 
difference in age. Some of the Primrose-Hill specimens also rather 
resemble certain other rocks recently described by Dr. Hicks, more 
especially from St. Davids*, and by him grouped with the Welsh 
quartz-felsites under the name Arvonian, 


Discusston. 


Dr. Hicks spoke of the extreme interest of the paper, and the 
confirmation it furnished of the views he had already expressed. 
He thought that probably at least three groups would be found in this 
region also. It was also interesting as showing that the granitoid 
series had a different strike to that overlying it. 

Prof. Hueuxs wished to ask if the stratigraphical relations of the 
rhyolite and the granitoid rock had been observed in the field, or 
were only inferred from microscopic examination ; and whether the 
discordant strike had been observed on the same side of the fault. 

Prof. Bonney said the rhyolite was clearly intrusive in the grani- 
toid series; and mentioned some points of interest connected with 
the microscopic examination of the rocks, which he had described in 
an appendix to Dr. Callaway’s paper. 

Dr. Cattaway said that he had only been able at two or three 
places to see the granitoid and rhyolitic rocks in contact, and in all 
cases they seemed to be separated by faults; but there could be no 
doubt that the granitoid was the older. He had not at present 
been able to recognize more than two series. 


* Quart. Journ. Geol. Soc. vol. xxxy. p. 285. 
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49. On a Maumatirerovus Deposit at Barrineton, near CAMBRIDGE. 
By Rev. O. Fisuer, M.A., F.G.S. (Read June 11, 1879.) 


Dourive the latter part of the summer of 1878 I heard from Mr. 
Griffith, of Christ’s College, Cambridge, that large bones were being 
met with in a “coprolite-pit” at Barrington, on land belonging to 
Trinity College. Accompanying him there, we found the workmen 
had reserved for him fragments of three canines of a Hippopotamus, 
with some of the molars, a tooth of Rhinoceros, and other specimens. 
Further discoveries were made; and in September, when the work 
had been discontinued for harvest, | went there with two friends, 
and, armed with no tool better than a knife, obtained an excellent 
specimen of an incisor of the Hippopotamus. Upon this I advised 
Mr. Keeping, of the Woodwardian Museum, to get permission to 
commence a regular search for fossils, which, term not having com- 
menced, and the Professor being in the country, he took upon him- 
self the responsibility of doing, and through the kindness of Messrs. 
Smith and Badcock, the lessees of the coprolite-works, began a 
systematic exploration of the deposit. This was carried on after the 
Professor’s return under his authority, and has been rewarded with 
great success. 

The locality is easily recognized upon the Ordnance Map as being 
just south of where the final n in the word Barrington is printed. It 
is on the edge of a nearly level tract of ground at the foot of the hill 
between Haslingfield and Barrington, at an elevation of about 20 
feet above the alluvial ground of the present stream of the Rhee. 
This tract of ground does not, hcwever, form quite a flat terrace, 
but falls again very gradually northward towards the small streamlet, 
which, lower down, is crossed by the road near the church. The 
streamlet is not marked in the Ordnance Map, which wrongly repre- 
sents the slope of the hill as extending to the lane which leads to 
the pit. The pit is nearly on the highest part of this tract; and 
consequently the bone-bearing deposit does not belong to the existing 
drainage-system, but, though at only a small altitude, may be still 
considered a high-level gravel. 

The exposed section at present extends from north to south about 
70 yards. The “coprolites” have been obtained in the deepest part 
at 22 feet. The section presents a superficial covering of soil and 
fine gravelly “ trail,” which, in the southern half, rests immediately 
on disintegrated chalk-marl; but towards the centre of the pit a 
thin bed of coarse gravelly silt with large pebbles comes in (see fig., 
p- 671), dipping slightly towards the north, and when it has de- 
scended to about 8 feet from the surface it rather suddenly expands 
downwards, forming a mass of grey gravelly silt, with many large 
stones towards the bottom, some of which may weigh from twelve 
to sixteen pounds. Above the stony bed the material is without 
large pebbles, otherwise of a similar character. Throughout these 
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silty gravels bones and shells occur. Mr. Keeping carried his work 
a few feet further north beyond where the “ coprolite-bed ” runs out, 
and the base of the silt has there begun to rise. 


Diagram of the northern end of Barrin gton Pit. 


a. Trail of fine gravel in which are pits with ashes and bones. 


6. Grey gravelly silt with bones and shells. ¢. Chalk-marl. 
d. Greensand with “coprolites ”’ (2. e. phosphatic nodules). 
e. Gault. 


There is another smaller coprolite-pit, not yet quite filled up, lying 
a few yards to the south-west of the present one. It exhibits a 
little similar stony and gravelly silt, but in patches only, and not 
in situ as deposited, but forming pockets of “trail” with festoon- 
like arrangement and the axes of the pebbles not horizontal. Those 
remnants still existing in the “trail” in this southern pit, as well 
as the manner in which the deposit occurs in the first pit, show that 
the gravel is a portion of a more extended mass, of which the upper 
parts have been denuded away. 

[Since this paper was read a similar deposit, equally rich in bones, 
was laid open for a short time half a mile further up the valley, 
opposite to the blacksmith’s shop on the Green. | 

The materials of which the bone-bearing deposit consists are 
peculiar. The matrix is a grey sand with a slight admixture of 
clay. The pebbles consist of flint in subangular pieces of no great 
size, Sometimes ochreous, sometimes grey, sometimes black. These 
are not rounded, but have their surfaces worn, polished, and the 
angles rubbed off. There are rolled lumps of chalk-marl and a con- 
siderable admixture of “ coprolites,’ as might be expected, seeing 
that the coprolite-bed is abraded by the deposit itself. The remaining 
pebbles are well-rounded pieces of crystalline rocks, consisting of 
quartz, quartzite, syenite, jasper, and trap. These old rocks con- 
tribute a large part of the pebbles, so that the material cannot be 
called a flint-gravel, in that it appears to consist of the least 
destructible parts of the Boulder-clay, mixed with materials from 
the Chalk-Marl and Greensand. 

There are splinters of bone worn smooth at their fractured edges ; 
but most of the bones and teeth are scarcely abraded at all, though 
not often associated. There seems, however, to be reason to think 
that portions of the same individuals have also occurred in proximity, 
although mixed up with fragments of others. Thus one might find, 

222 
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one after another, bones of a Bos, but among them a tooth of Hyena 
or tusk of Hippopotamus. In some instances it is clear that the 
ligaments had not decayed when the limbs subsided. Thus my son 
exhumed an entire set of associated bones of a hind limb of Bos 
prumgenius. 

What we have here, then, appears to have been a deposit in a deep 
hole of a stream, where it swept round against the south side of the 
hill. This stream was probably no other than the present one called 
the Rhee, and drained the same district then as now. This district 
is occupied by the Lower Chalk, the Gault, and the Boulder-clay ; 
it contains none of the Upper Chalk within its area, nor any observed 
beds of flint-gravel. Accordingly we find the materials of the deposit 
to be such only as those rocks would supply, consisting as it does 
almost entirely of the débris of the Boulder-clay. That it is newer 
than the Boulder-clay is also shown by its lying beneath a hill which 
is capped by a thin tabular bed of that clay. There appear to be 
very few remnants of the Oolitic rocks among the pebbles, except 
afew fragments of Gryphwa. The pebbles are, for the most part, 
not at all decomposed, as those are which one now picks up in the 
neighbouring ploughed fields, and the glacial scratches are well 
preserved. This would lead to the inference that the river flowed 
between rather deep banks of Boulder-clay, abrading much at a 
depth beyond the reach of atmospheric infiuences. 

Some peculiar circumstances must have caused so considerable an 
accumulation of bones. Probably the carcasses, inflated with the 
gases of decomposition, were detained here and there in the stream 
by quiet eddies, such as usually occupy deep holes in the elbows of 
a stream when the water is not in flood. The prevalent south- 
westerly winds would also assist in detaining any floating body in 
such situations *. 

Taking departure from the pit, and crossing the valley from north 
to south, towards Foxton railway-station, the levels give :— 


yards 
From mammalian deposit to hedge, level ..................ccceeeeeeeee 77 
From hedge to northern branch of stream, descent of 20 feet ... 100 
From northern branch of stream to middle do., level ............... 120 
From middle stream to southern do., level .............eseeeeeeneenes 134 
From southern do. to a point about halfway between the angle of 
the road and Foxton station, rise of 20 feet ............ceececeeees 2 
651 


At this pot we are again upon the level of the mammalian 
deposit. ‘There are at the present time two sections open in this 
interval where coprolites have been dug. One is in the level alluvial 
ground just south of the middle stream. Here a low-level fine river- 


* There is a remarkable deposit of bones beneath the row of houses called 
“The Terrace” at Walton-on-the-Naze, in Essex. At this place the sea is 
encroaching on what was probably the eastern corner of a sheet of water 
occupying the same general position that ‘‘ Walton Creek” now holds. The 
writer's opinion is, that the accumulation of carcasses at this place was caused 
by the south-west winds blowing nearly every thing that floated on the southern 
portion of this sheet of water to this particular part of its shore, 
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gravel is seen, well washed, with many small bean-shaped calcareous 
pebbles wholly soluble in acid. No shells were seen in it. The 
other section is given by a coprolite-pit in work, north of the corner 
of the road, not quite on so high a level as the Barrington pit, where 
there are shallow pocket-like patches of a fine flint-gravel; but they 
have not the appearance of a river-gravel, but rather of a trail or 
denudation gravel. ‘Towards the station, however, the surface of 
the ploughed ground gives indications of a subsoil of flinty gravel, 
and there have been extensive pits of flint-gravel on the north side 
of the railway between Foxton and Shepreth stations. These pits 
are not far from on a level with the Barrington deposit, certainly 
not lower. We find, then, that the terrace-gravel of the same, or 
nearly the same, level on the south side of the alluvium of the pre- 
sent rivercourse consists of quite different materials from that under 
consideration on the north. ‘lhe cause may probably be that the 
former occupy a line of drainage from the south, as may be seen by 
a small stream crossed by the railway between Foxton and Shepreth, 
in which direction lies the chalk escarpment, with its beds of flint 
and of capping flint-gravels. Whether these Foxton gravel-beds are 
of the same age as the Barrington deposit is a point on which I have 
no other evidence to offer; but the circumstance referred to may 
seem to remove any difficulty arising from their different composition. 
J have from these Foxton gravels what I believe to be a portion of 
a flint implement of the rudest type, similar to one which I have 
from Brandon Hill, given me by Dr. J. Evans, and to a portion of 
another which I found myself in a railway-cutting at Broomhill, 
near Brandon. 

The shells which have been found at Barrington do not render 
much assistance towards fixing the age of the deposit. Though 
abundant enough, the speciés are few, and the number of strictly 
aquatic shells remarkably limited. by far the most abundant kind 
is Helix fasciolata (or caperata); Helix virgata is also common ; 
Helix nemoralis also occurs, but is rare. The aquatic species are 
Succinea (?) oblonga, Limnea palustris (one specimen), and Pisidium 
amnicum. This is a meagre list. No specimens or fragments of 
Unio or Cyrena have been met with. 

The Mammalia hitherto discovered at Barrington are :— 


1. Homo, probably (by a worked | 8. Cervus (? species). 
flint). 9. Bos primigenius. 

2. Ursus spelzeus. 10. Bison priscus, 

3, Meles taxus. 11. Hippopotamus major. 

4, Hyena spelza. 12. Rhinoceros leptorhinus. 

5. Felis spelea. 13. Hlephas antiquus. 

6. Cervus megaceros. 14, Elephas primigenius. 

7. elaphus. 


CATALOGUE OF REMAINS OF ABOVE. 


.) 1 canine, 1 portion of humerus, 1 metatarsus. 

) 1 ulna. 

4.) 1 skull and part of mandible, 1 detached tooth, 1 vertebra, 1 scapula, 1 rib, 
2 metatarsals. 

(5.) 1 portion of radius. 


(2 
(3. 
( 
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(6.) 6 portions of antlers, 1 fragment of mandible, 

(7.) 1 brow-antler, 1 base and burr, | tibia. 

(8.) 1 astragalus and broken end of tibia, probably of a young animal. It is 
larger than Roebuck, but much smaller than Red Deer. 

(9.) 1 fragment of skull, which fell to pieces, 1 horn-core preserved (3 feet long 


astragali, 1 complete hind limb, 5 metatarsals, 4 portions of scapula, 
9 fragmentary or complete humeri, 1 radius and ulna attached, 10 por- 
tions of radii, 4 ulnz (olecranon portions), 9 metacarpals (belonging to 
two or three species of Bos), 26 detached boues of teet. 

(10.) 4 horn-cores. (Probably some of the bones in the last list may belong 
to Bison.) 

(11.) At least two individuals; one probably entire. 1 skull (fragments of), 
4 pieces of jaws, 15 molars and a few fragments, 10 canines (or pieces of), 
9 incisors (or pieces of), 24 vertebrx, several caudal belonging to a series, 
2 pelves (portions of), 2 kneecaps, 4 femora (portions of), 2 tibize, 2 cal- 
canea, | astragalus, 4 humeri (or portiors of), 2 radius and ulna, 8 detached 
bones of feet. 

(12.) Probably five individuals. 19 molar teeth and some fragments, 1 back of 
skull, 3 vertebree, 1 fragment of femur, 1 kneecap, | tibia, 6 portions of 
humerus, 5 radii, 3 ulnz, 13 detached bones of feet. 

(13.) 4 molars of two individuals. 

(14.) 1 portion of a molar was found, which the author saw, and believed to 
have belonged to HL. primigenius. It fell to pieces. 


There are likewise a few bones of birds hitherto undetermined. 
There is no river-deposit mentioned in Prof. Dawkins’s paper on 
British Postglacial mammals*, which is credited with so large a 
number of species, except Fisherton, where the number is likewise 
fourteen. The assemblage, however, is not the same. 

The specimens have been compared at the University Museum of 
Comparative Anatomy, and determined by Mr. Tawney, who has 
labelled and catalogued the whole of them. There is a fine skull of 
Hycena, which would have been perfect had it not been broken off 
by the pickaxe just behind the canines; it belonged to an adult, 
but not aged, individual. A magnificent pair of horn-cores of the 
Bos primigenius were found, with the forehead attached ; but unfor- 
tunately the horn-cores were so decayed and permeated with mud 
that only one of them could be saved. The most remarkable fact 
observed was the abundance of the bones and teeth of the Hippo- 
potamus, also abundant at the ‘‘Green.” Some very fine specimens 
of the tusks have been, with much labour, built up out of the very 
numerous fragments into which they fell when removed. Four teeth 
of Hlephas antiquus had been previously obtained in another pit in 
the same field, at a short distance up the course of the old stream, 
and were presented to the Museum by Mr. F. W. Smith. Mr. Griffith 
also gave his specimens. I saw only one tooth of Elephant in our 
working; it was so decayed that it could not be brought home. I 
believe it belonged to L. primigenius. Had I known at the time that 
the other specimens belonged to HZ. antiquus I should have examined 
it more closely. 

Only one worked flint was found. It is of an oval form, extremely 
small, being about an inch and a half long by an inch wide. It is 


* Quart. Journ, Geol. Soc. vol. xxv. p. 192. 
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thick for its size. Mr. Keeping picked it up out of the débris, but 
did not notice having dug it out. I have myself little doubt about 
its belonging to the deposit. It is of a blackish hue, polished, with 
white porcellanous mottling, and has specks of botryoidal limestone 
adhering to it; all which characters mark many of the flint frag- 
ments in the silt. 

The area excavated for the large collection was about 14 yards 
from north to south, by about 6 yards from east to west. 

If we compare the above list of Mammalia with that given by 
Mr. Jukes-Browne* for Barnwell, we find the following species 
common to Barrington and Barnwell :— 

Homo (by Mr. Griffith’s “ hache ”)t. Hippopotamus major. 

Ursus speleeus. Rhinoceros leptorhinus f. 

Felis spelzea. Elephas antiquus. 

Cervus megaceres. primigenius (?). 

Bos primigenius. 

At Barnwell, but absent from Barrington, Hquus fossilis. 

It is observable that a small undetermined Cervus is mentioned 
also at Barnwell. 

It will be seen, then, that the Mammalia belong to the same group 
at these two localities. We have, however, at Barrington neither of 
the distinctive shells Oyrena fluminalis and Unio litoralis. The 
absence of either, or both, of these might be accidental; for it is 
only in places, even at Barnwell, that they are found; but I think 
the greater distance from the sea would be sufficient to account for 
the absence of the Cyrena. On the evidence I am disposed to cor- 
relate this deposit with that of Barnwell. 

Let us compare the conclusions which have been drawn from an 
examination of this deposit with those arrived at by Mr. A. J. Jukes- 
Browne respecting the age of the valley of the Rhee, which he 
thinks of a later age than any of the other tributary valleys of the 
Cam. If I understand him rightly, he considers the gravel at 
Barnwell, which is about seven miles below Barrington, to be the 
oldest ‘‘ terrace”-gravel in the district; for he does not apply that 
term to the still older “‘ Observatory” gravel. And he thinks it 
“possible” (p. 68) that the gravels about Foulmire and Foxton 
were deposited about the same time as those about Barnwell and 
Trumpington; but he says that, “‘on the whole, it seems likely 
that they belong to a somewhat later period.” 

As to the age of the Foxton and Foulmire gravels, if the two are 
to be regarded as contemporary (upon which point I have no opinion 
to offer), the argument from equality of level is rather in favour of 
the Foxton gravel being of the same age as that of Barrington. But 
the deposit at Barrington is, in my opinion, due to the ancient Rhee, 
and it contains a mammalian fauna similar to that of Barnwell, 
certainly an ancient one; and consequently the Rhee must still 
occupy a very ancient line of drainage. ‘The absence from it of 

* «The Post-tertiary Deposits of Cambridgeshire,’ 1876, p. 64. 

"y Geol. Mag. dec. ii. vol. v. p. 400; figured in Camb. Ant. Soc. vol. iv. p. 177, 
ae 

t The Barnwell specimens in the Museum properly belong to this species. 
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decided flint gravels, which are so conspicuous in the other tributary 
valleys, may be probably accounted for, as I have said, by the 
paucity of materials out of which such gravels could be formed; so 
that I doubt whether, from that circumstance, any conclusion can 
be drawn that this valley is more modern than the others. 

The measurements referred to in the table of levels show three 
different levels, of which records still remain, at which the Rhee has 
run. Starting from the present stream, we find the next older level 
to have been lower than the present one; it is marked by the 
lowest-level fine river-gravel in a pit sunk through the present 
alluvium. The deposit next older than that is the mammalian 
gravel of Barrington. ‘There may have been deposits of interme- 
diate age, of which no records are left, unless the flint gravel of 
Foxton be such an intermediate gravel. 

If we go lower down the river to Cambridge we find three gravel- 
levels; the highest and oldest the Barnwell gravel, the next lower 
the Chesterton gravel, the next the gravel beneath Jesus College 
and Midsummer Common, which I recollect being formerly largely 
extracted. These are all noted in Mr. Griffith’s section*. 

Now I think there can be no doubt that a considerable spread of 
gravel marks a stationary level, or pause in the eroding action of a 
river in deepening its channel. Gravel is deposited when the river 
is occupied in meandering from side to side of the valley; and 
whenever an elbow of the stream reaches the side of the valley, it 
undermines it and widens the valley at that point. But when the 
valley is in process of being deepened, the river confines itself more 
closely to its course, and any gravels which it may then deposit are 
rearranged during the next stationary period. To what, then, are 
these stationary periods due, if such there be? It seems that they 
must be due to alterations in the relative level of sea and land. 
This is clearly put by Prof. Powell in his Report on the Exploration 
of the Colorado River, p. 2037. He says, ‘‘we may consider the 
level of the sea to be a grand base-level, below which dry lands 
cannot be eroded; but we may also have for local and temporary 
purposes other base levels of erosion, which are the levels of the 
beds of the principal streams which carry away the products of 
erosion.” 

I would inquire, then, can we find any records of marine base- 
levels corresponding to these river-terraces? It is obvious from the 
silting up of our estuaries, such as the Fens, and the clean gravels 
to be found below the bottoms of our present streams, that the 
present sea-level is not so low as it was at a not very distant period. 
Now we have an indication of such a former lower level of the sea 
in the submarine forests. Thus we may account for the low gravels 
beneath our present alluvium. 

The high-level gravels, on the other hand, simply intimate that 
the fall of the stream at the place where they were deposited was 
not, at the time, too great, and not so great as it became afterwards, 
when they were cut through. The former condition may have heen 

* Loc. cit. + Published at Washington, 1875. 
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fulfilled in two ways—(1) the coast may have been more distant at 
the time when the stream ran at its higher level; (2) the sea may 
have stood at a higher level upon the present, or nearly the present, 
coast. Of the two it is most probable that the condition which 
allowed of the deposition of the terrace-gravels was the former, under 
which a lesser gradient may have coexisted with even higher land ; 
. for it is generally believed that this island then formed part of the 
continent of Europe; and the Pleistocene mammalian remains con- 
stantly dredged off our east coast point in the same direction. 

But not only must the sea-coast have been further off, but the 
land must have been also higher, not merely less denuded down, 
but physically lifted up in relation to the sea-level ; or, what amounts 
to the same thing, the sea must have been lower. Otherwise we 
cannot account for deposits on the sea-level, and even below high- 
water mark, such as occur at Clacton and at Walton-on-the-Naze, 
and on the dredging-grounds in Essex—the former being, according 
to Prof. Dawkins, one of “ the first terms of the Postglacial series,” 
the latter having nothing to separate it from a somewhat early 
postglacial deposit. 

If this supposition is correct it will rather militate against the 
opinion of Prof. Seeley, which is referred to by Mr. Jukes-Browne, 
that the marine gravel of March is of the age of the Barnwell gravels. 
The coast at the time the latter were deposited ought to have been 
more distant than March is. 

As regards the climate at the period of the Barrington deposit, 
the occurrence of Hlephas antiquus and Hippopotamus point to a 
somewhat warm climate. The Elephants and Rhinoceros being the 
same as at Lexden, in Essex, and the gravel terrace of about the 
same altitude, it is likely the gravels are of the same age. At that 
place the remains of beetles, which are abundant, have been attri- 
buted by Mr. Wollaston to a warm climate*, probably Mediter- 
ranean. The Unio and Cyrena of Barnwell have a like significance ; 
and Helix nemoralis is impatient of great cold. 

We learn, then, that there was an interval since the Glacial period 
(for there is no question that both Barrington and Lexden deposits 
are Postglacial) when the climate of this island was somewhat 
warmer than it is at present. There are indications in the disap- 
pearance of Hlephas antiquus and Rhinoceros leptorhinus, as well as 
of Oyrena fluminalis and Unio litoralis, that it became afterwards 
colder, and probably colder than it is now; and my own belief is 
that a still colder period supervened, which is evidenced by the 
mechanical accumulation of that drift covering which I have deno- 
minated “trail” +. 

* Quart. Journ. Geol. Soe. vol. xix. p. 400. + Ibid. vol. xxii. p. 554. 


(For the Drsctusston on this paper, see p. 734.) 
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50. On some Suprrricran Deposits in the NeteHpourHooD of 
EvesHam. By the Rev. A. H. Wiynineton Ineram, M.A., 
F.G.S. (Read June 25, 1879.) 


Sussraventzy to the late Mr. T. G. B. Lloyd’s paper on the super- 
ficial deposits of the Vale of Evesham being written, the gravels of 
the lower series on Green Hill near Evesham have been extensively 
opened, and disclosed flints of about the weight of 10 lbs. These 
are so very perfect and unworn by water, presenting generally the 
same appearance as if they had just been taken from the matrix of 
the chalk, that floating ice seems to be the most probable agency 
which brought them to their present elevation, about 120 feet above 
the level of the Avon. An abundant deposit of fiints of the same 
size and character occurs near Moreton-in-Marsh ; and a large block 
of chalk was discovered in the railway-cutting at Aston Magna. So 
it is reasonable to conclude that the flints of Green Hill, some of 
which present glacial marks, were conveyed by shore-ice down the 
vale of Moreton, through the depression in the Cotswolds forming 
at that time what might be called the Straits of Mickleton, to the 
position which they now occupy. A thin layer of fawn-coloured 
clay resting on a slight stratum of subangular pebbles, at the base 
of excavations for brick-earth at Bengeworth, well merits the at- 
tention of geologists; it and the sand immediately above have 
yielded entire heads and horns ef Bos primigenius and Bison priscus, 
antlers of Cervus tarandus, and many unwaterworn shank and 
other bones of large mammals. From the same clay a fine tusk of 
a Hippopotamus has come to light. Above this mammaliferous 
seam of clay rest 20 feet of sand and loam, containing numerous 
uninjured and unopened specimens of Unio ovalis. This formation 
is, at its surface, about 60 feet above the level, and half a mile from 
the present channel of the Avon, and appears to have been laid down 
in a tranquil backwater or reach in the stream which then flowed 
with a greater volume of water during the season when the deep 
snow was melting, or in some early pluvial period. On the opposite 
bank of the river, at Evesham, about a quarter of a mile from its 
modern course, occurs a formation of similar character and depth ; 
and the clay there has contributed, in a well sunk through the sand 
interspersed with river-shells, an antler of a Reindeer. The dis- 
covery of a tusk of the Hippopotamus points to the fluviatile origin 
of the clay; and most likely the River-horse was a denizen of the 
great stream at the period when the carcasses of Reindeer floated 
down it on ice, which, stranded and melting, left their bones in the 
sediment to excite the speculation of geologists of our day. 
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51. On a Suction of BovtpER-ciay and GRAVELS near BALLYGALLEY 
Heap, and an Inautry as to the proper CuassiFication of the 
Irish Drirt. By T. Mertarp Reape, Esq., C.E., F.G.S., 
F.R.I.B.A. (Read June 25, 1879.) 


Ar a point in the road along the west coast of Ireland, between 
Larne and Cushendall and near Ballygalley Head, is a gravel-pit 
giving a section which may help to determine the classification of 
the Irish Drift. 

The exposed face is, as nearly as I could judge, about 30 feet 
high, the pit being cut into a grass-covered slope lying against the 
hilly ground which mostly flanks the coast-road landward. 

The following is a sketch which I took on the spot last autumn ; 
and although I did not measure the thickness of the beds, it may be 
relied upon as giving their proportionate disposition. 

The base of the excavation (A) is formed by a bed of current-bedded 
gravel containing shells and shell fragments. The actual base of 
the bed is not disclosed, so it is impossible to say how thick it is, 
or whether it rests on a Boulder-clay or on the natural rock. 

It is capped by a perfectly straight and nearly level bed of sand, 
about 4 inches thick (B), on which rest irregularly disposed masses 
of clay and sand containing boulders, and above this a band of red 
clay, C, which is again overlain by a mass of unstratified Boulder- 
clay, D, the surface of which is covered by a bed of subaerial de- 
tritus, E, forming the subsoil of the grassy slope. 

Coming fresh from Lancashire, where some geologists, following 


Section in Gravel-pit near Ballygalley Head. 
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Prof. Hull’s lead, divide the Drift into three parts (viz. Lower 
Boulder-clay, Middle Drift or Interglacial Gravels, and Upper 
Boulder-clay), I was much struck by the section. If it had occurred 
in Lancashire there is no doubt it would at once have been set 
down as a very good example of the “ Interglacial Gravels” and 
‘‘ Upper Boulder-clay.” 

I had not many minutes to examine the section, but I picked up 
during the time I was there a few of the shells and shell fragments. 
These I submitted to Mr. R. D. Darbishire, F.G.S., of Manchester, 
who has determined the following species :—Astarte elliptica, A. 
compressa, Leda pernula, Mactra elliptica, Natica, and Mytilus. 

On comparing these with my list of shells from the Boulder-clay 
about Liverpool*, I find that during several years’ close search 
Astarte compressa only occurred in great rarity in the numerous 
localities I examined; and according to Mr. Darbishire’s list it is 
“‘very rare” at Blackpool. Astarte elliptica was frequent in some 
localities and rare in others. Leda pernula, supposed to be a typical 
arctic shell, was very rare in the localities where it was found. 

There is thus, according to shell-evidence, nothing to give an 
‘“« Interglacial” character to these gravels as compared with either 
the so-called Upper or Lower Boulder-clays of the north-west of 
England. My opinion has long been against this tripartite classi- 
fication, and I have pointed out more than once that it rests upon 
no intelligible basis. The examination of the Irish Drift still further 
confirms me in the opinion that the marine Boulder-clays of the 
north-west of England and Ireland are but phases of one long se- 
quence of events uninterrupted by changes of climate. 

Prof. Hull has applied the same classification of “‘ Lower Boulder- 
clay,” ‘‘ Middle Sands and Gravels,” and “ Upper Boulder-clay ” 
to the Drift of Irelandt. It is quite evident, however, if the 
Boulder-clays of Galway Bay, as represented by the sections at 
Blake Hill, and the Fermoy valley in county Clare on the opposite 
coast, as well as the innumerable islands of Drift in Clew Bay, are 
members of the ‘“‘ Lower Boulder-clay,” it is quite a different thing 
from the Lower Boulder-clay of Lancashire. The latter is marine, 
the former contains no evidences whatever of marine conditions. 

On the north shores of Belfast Lough, beneath the celebrated 
raised beach, are to be seen sections of a Boulder-clay that corre- 
sponds in appearance with the marine Boulder-clays of the north-west 
of England. Large glaciated blocks of travelled stone, some of 
which I could have matched with erratics taken out of the Bootle 
Dock excavations, are to be seen on the beach washed out of the 
low cliffs of purple Boulder-clay, which is evidently, as in Cheshire 
and Lancashire, largely reconstructed from the Triassic Marls. I 
did not notice any shell-fragments in the Belfast Boulder-clay ; but 
my time was limited, and in Lancashire it often requires close ex- 
‘amination to detect them. 


* Quart. Journ. Geol. Soe. vol. xxx. p. 27. 
t See Geol. Mag. dec. 2, vol. iv. pp. 38, 39. 
| Physical Geology and Geography of Ireland, pp. 79-95. 
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The Boulder-clay of Galway and Clew Bays is, on the contrary, 
made up almost wholly of triturated limestone,—so much so that it 
is even now a loosely consolidated limestone and stands in vertical 
cliffs. Imbedded in it are blocks of limestone and granite—one of 
the latter, at Galway, now on the beach, being from Moycullen and 
containing about 1600 cubic feet of stone. But neither here nor in 
Clew Bay, nor elsewhere in Ireland where the same kind of drift 
occurs, could I see on the contained stones those splendidly planed 
and grooved surfaces which distinguish most of the largest and 
smallest stones of the Lancashire Drift. The material and its im- 
bedded stones are all distinctly local. 

The explanation of these distinctions I propose to defer until I 
publish Part IT. of the “ Drift Beds of the North-west of England,” 
having written this short description of the Irish Drift for record as 
well as to elicit, if possible, further information. 
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52. FurtTHER OBSERVATIONS on the Pre-Camprian Rocks of CaEr- 
narvon. By Prof. T, M*Krnny Hugues, M.A., F.G.S. (Read 


May 14, 1879.) 
[Puate XXXVI. | 


On a former occasion (Quart. Journ. Geol. Soc. vol. xxxiy. p. 137) 
I offered a sketch of the Pre-Cambrian rocks which form the long 
ridge stretching from Bangor to Caernarvon. The classification 
I adopted was in descending order :— 


i. The Volcanic series, consisting of voleanic fragmentary ejectamenta, 
agglomerates, ash-beds, and slates, occurring near Bangor, and referred 
to as Bangor beds. 

ii. The Felsitic series, consisting chiefly of quartz felsites, and probably also 
of volcanic origin, occurring near Llanddeiniolen and Dinorwig, and 
now referred to as the Dinorwigq beds. 

iii. Zhe Granitoid series, occurring near Caernarvon, and referred to as the 
Caernarvon beds. 


Endeayouring to correlate these groups with the divisions pro- 
posed by Dr. Hicks, I considered that the lowest group included less 
than the Dimetian, from which I proposed to cut off every thing 
above the brecciated bed below Bryngarn, on the left of the valley 
running down from St. David’s to Porthclais. The upper group 
I divided into two. I do not know how far Dr. Hicks, in the 
modified classification recently offered to the British Association 
(Report, 1878, Trans. Sect. p. 536), adopts the above threefold 
classification. I considered that there was no unconformity visible 
between the groups, whether we accepted the brackets drawn by 
Dr. Hicks or those which I proposed. 

Since this paper was first sent in much additional information has 
been brought forward by Professor Bonney, Dr. Hicks, and Mr. 
Houghton, in communications made to the Society, Feb. 5, 1879. A 
threefold division was adopted; but the authors disagreed entirely 
with the views I had expressed of the structure of the districts as 
regarded dips, strikes, faults, and the sequence of rocks, and affirmed 
the existence of a visible unconformity between the groups *. 

I shall now describe the rocks of the district in ascending order. 


I. The Caernarvon Beds (= Dimetian in part). 


ii. Upper Caernarvon = Crug Beds. 
i. Lower Caernaryon = T'wt-Hill Beds. 


I. i. Zhe Twt-Hill Beds. 


The coarse crystalline rock of Twt Hill is exposed over a small 
area on Twt Hill and in quarries along the north side of it. In a 


* Having gone over the ground again with my friend Mr. Tawney, I am able 
to offer a fuller description of the district, and to bring forward much addi- 
tional evidence on those points respecting which there has been a difference of 
opinion. 
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Fig. 1.—Section of Twt Mill, Caernarvon. 
§.E. N.W. 


wi 


a, Cambrian Conglomerate. ce’. Lower Caernarvon beds. 
* Beds of quartzite and divisional planes suggestive of bedding. 


quarry in the first field on the N.K. of the hill, which we shall 
refer to as the Twt-Hill Field quarry, it is seen flanked on the 8.E. by 
sandstone, grit, and conglomerate (see figs. 1&2). Itis thrown back 


Fig. 2.—Section N.E. of Twt Hill, Caernarvon. 
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a’. Sandstones. ; c'. Lower Caernarvon beds. 
a’, Conglomerates. } ORmOnIAD, * Felsite, with platy structure. 


by a small fault crossing the ridge N.E. of Twt Hill, with a down- 
throw on the E., so that it is found in the quarry by the highest new 
road above Yscuborwen with the same grit and conglomerate on its 


Fig. 3.—Section in Quarry above Yscuborwen, Caernarvon. 
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S.E. flank (see fig. 3). This fault coincides with a greenstone dyke 
running 8. 20° E. and seen in the quarry; and there is also seen in 
the same quarry another fault running up to the 8S. end of the dyke 
(fig. 4), nearly at right angles to it, and dropping the grit a little on 
the § 

The coarser variety of the Twt-Hill rock has been largely quarried 
behind Llysmeirion and Richmond Hill, and is again seen about half 
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Fig. 4.—Plan of Quarry above Yscuborwen, Caernurvon. 


NOGw Jeo nw eh 


ce’. Lower Caernarvon beds. 
d. Greenstone. F. Faults. 
* Rock much jointed and veined in continuation of direction of dyke. 


a’. Sandstone and grit. 


a'. Conglomerate. \ Cambrian. 


a mile E.S.E. of Llanfairisgaer, where it forms a rugged boss in a 
field N.W. of Bryn. This rock is a coarse crystalline aggregate of 
quartz and felspar, or, as Professor Ramsay has described it, is like 
a granite with no mica. In Anglesey a similar rock passes into a 
granitoid rock with mica. It is doubtful whether any specimen 
taken from the heart of this mass has exhibited clear evidence of a 
fragmental origin. There are many systems of divisional planes, 
and sometimes one set and sometimes another come into prominence 
from their regularity and persistency. 

In the quarries on the N. side of Twt Hill the most bed-like planes 
turn over to the N., or a little W. of N., as if dragged down to the 
fault which brings on the Carboniferous rocks. In the N. corner 
of the Twt-Hill Field quarry (fig. 5) there is a band of decomposing 
grey felspathic rock, fullof more or less regularly developed doubly 
terminated quartz crystals, similar to those found by Mr. Tawney in 
the rocks of St. David’s; and in this a band, from two to eighteen 
inches thick, of hard close-textured siliceous rock, which thickens 
rapidly to the east, with an inclination of about 30° N.N.K. It is 
somewhat interrupted along joints, so as to suggest that it may not 
represent original bedding, but may be due to a kind of indigenous 
vein-structure. On the other hand, this interruption of the 
continuity of the mass at a joint is not at all conclusive against 
its being a bed of sedimentary origin with any one who has ob- 
served the irregular and interrupted manner in which the grits and 
quartzites of Anglesey are thrust in among the crumpled schists 
with which they are associated. 
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Fig. 5.—North-east end of Field Quarry, Twt Hill, Caernarvon. 


c'. Lower Caernarvon beds. 
* Bed of fine-grained quartzose rock, 


On the two bosses which occur N. and N.E. of Twt Hill there is 
a brownish or yellowish-pink felsite, generally showing a platy 
structure. This should be distinguished from the Twt-Hill rock. 
In the large quarries on the N.W., facing the Straits, there is an 
altered grit. If the more obvious divisional planes represent 
bedding, these dip in a northerly direction, and are the highest beds 
there seen ; they would necessarily be thrown back out of sight by 
the fault seen in the roadside quarry, fig. 3. 

Close to the great fault which brings on the Carboniferous rocks 
near Tycoch there is a crystalline grey felspathic rock, much 
crushed and traversed by slickensides, the surfaces of some of which 
are glossy, black, and anthracitic-looking. This rock probably 
belongs to some part of the Caernarvyon series. 

I. ii. Crug Beds. 

On the S.E. side of the ridge we find strong proof that a group of 
beds, somewhat similar to the Twt-Hull rock in essential characters, 
but finer, alternates with felsite-lke rocks or passes into them ; and 
though nothing like dip can be made out in them, the strike, as 
followed along the ridge (see map, Pl. XX XVI.), from about half a 
mile N.E. of Pengwrach to the brow of the hill above Dinorwig 
station, shows that they run nearly with the trend of the hill, 
with perhaps a little more north in them, and generally somewhat 
dragged over towards the fault along the Carboniferous beds. 

On the boss N.W. of Pengwrach we find on the N.W. side crystal- 
line beds, like the finer portions of the Twt-Hill group; and on the 
S.E. side of the same boss a felsite-like rock. A precisely similar 
boss occurs close to Crug, with a coarser rock on the N.W. and a 
felsite-like rock on the 8.E. In the road between the two places 
rock of the coarser variety is exposed. 

In the field N.W. of Bryn finer and coarser varieties of the same 
kind of rock are exposed in bosses projecting through the soil, while 
immediately over the wall on the N.W. the coarse granitoid rock of 
Twt Hillisseen. A grey erystalline felspathic rock much seamed 
by quartz veins forms the most prominent point in this field on the 
N.E. of the house. 

Still further on to the N.E. in the same line, in the lower part of 
the little valley which runs down from below Tynymaes to about 
half a mile E.N.E. of Plas Llanfair, there are alternations of beds of 
finer and coarser crystalline rock, which must be referred to this 
group. One pink bed we find again, almost identical in character, 
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Fig. 6.—NSection near Llanddeimniolen. 
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YA * in the same strike on the brow of 
Z the hill above the station at Port 
/ L) 


Dinorwig. Here it occurs between 
aS grey felspathic rocks; and these can 
hardly be distinguished from parts 
of the great mass of felsites which 
occupy almost all the high ground 
above Port Dinorwig, and, repeated 
by faults, stretch away to Lland- 
deiniolen on the 8.E. and Brithdir 
and Beulah Chapel on the N.E. 


Tymawr. 


Il. Dinorwig Beds (=Felsitic 
series ). 


b. Brecciiform beds. 


2\e 
al 
{p. Purple felsite. 


D. Dinorwig beds (Felsitie series) I 
F, Faults. 


The next series consists chiefly of 
great masses of grey quartz felsite. 
No distinct bedding can be made out 
in any section; but the strike can be 
inferred, in the lower part of the 
series, from the manner in which the 
rock occurs with reference to the 
boundary of the underlying forma- 
tion, and more clearly by following 
certain beds of marked character in 
the middle and upper part. It is 
seen with a subordinate purple bed 
near Tanyperthi, on the 8. of which 
it is overlapped by a set of grits very 
similar to some of those which flank 
the Twt-Hill beds at Caernarvon (see 
map, Pl. XXXVI.). It projects at 
intervals all along the ridge to near 
Brithdir, and then can be followed 
on the other side of the Bangor road 
to the fault N.E. as far as Beulah 
Chapel. 

A fault runs 8.W. and N.E. under 
Careg goch W. of Llanddeiniolen, 
dropping the grits on the N.W.; and 
passing between Cefn and Tanyr- 
wylfa,crosses the valley near the dyke 
under Tynycoed, repeats a great part 
of the felsitic series by bringing 
them up again on the S.H., and so 
runs into the Bangor-road fault N. 
of Brithdir. 
me This repeated mass of felsites is 
= overlapped near Llanddeiniolen by 
grits and conglomerates, which can 
be traced at intervals to the Bangor 
road N.K. of Brithdir (see map and 
fig. 6). 
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On the mass 8. of Brithdir a purple bed is seen near Garth; and 
this seems to be developed to the N.K. into the Brithdir rock, which 
is a red quartziferous felspar porphyry. To the 8.W. of this, 
running parallel to it, is a mass of purple brecciated rock seen in the 
ravine near Y Ganol, and running by Cae Cerig to the HE. of Brithdir 
till it is lost under the overlapping grits and conglomerates. 

A similar sequence of beds can be made out in the mass on the 
W. of the Careg-goch fault. A purplish bed of quartz felsite is seen 
trending N.E. near Tanyperthi; and at Pantyfallenfach a purple 
brecciiform felspar porphyry can be traced for some distance with a 
similar strike. These are probably equivalents of the Brithdir 
porphyry and Brithdir breccia respectively, thrown back by the 
Careg-goch fault (see section, fig. 6). 


III. Bungor Beds (=Voleanic series). 

The ground N.E. and E. of Brithdir is much disturbed, and I 
have not worked out the details ; but the sequence is clear further to 
the N.E., and by reference to it the leading features of the rest of 
that district can be made out. The volcanic beds are well exposed 


Fig. 7.—Section from Menai Bridge to Bryniau Bangor. 


Ww. : E. 
Menai Bryniau 
Bridge. Station. Bangor. 
! 


«x. Carboniferous. a. Cambrian. 
B. Bangor Beds (Volcanic series, agglomerates, &c.). 
D. Dinorwig Beds (Felsitic series). d. Dykes. F. Faults. 


on Bryniau Bangor, from the W. shaft of the tunnel to near the 
path above the station, and are seen, as already elsewhere described, 
to consist of hornstones, fine green banded slates, and agglomerates, 
including fragments of rock precisely similar to the beds among 
which the agglomerates occur. They contain also small faults and 
contorted broken-up beds, lying between others apparently undis- 
turbed. From such indications we may infer that we have here a 
volcanic series, consisting chiefly, in this part, of fragmentary ejecta- 
menta. Following the bands across their edges in descending order, 
we come to purplish somewhat felsitic-looking rocks; and it is not 
improbable that we have here traces of small later lava-streams, of 
which the earlier greater flows are preserved in the underlyiug 
Dinorwig beds. 

If the Brithdir and Pantyfallen brecciated rocks are lava-flows, 
owing their brecciiform appearance to half-molten fragments in 
the lava, they would have tio be bracketed with the Dinorwig beds ; 
and this ejection, with imperfect fusion, would seem to indicate the 
commencement of the conditions under which the Bangor beds were 
accumulated, in which the fragments appear to have been thrown 
out unmelted, forming great masses of agglomerate and ash. 

3a 2 
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We must therefore consider the lowest of the Bangor beds visible 
in that area to be the coarse brecciated conglomerate seen near 
Careg Hwfa, immediately S.E. of the purple grits. This con- 
glomerate is very conspicuous with its large pebbles of green 
felspathic rock weathering milk-white. The dip of the volcanic 
beds is very clear, averaging about 55° S.E.; and as we follow them 
along their strike to the N.E. we find them disappearing under the 
Cambrian conglomerates and grits, which can be traced lapping 
round the end of the hill from near Minfford to below the Mount. 

So it will be seen, first, that all the older groups run parallel to 
one another between Caernarvon and Bangor, the strike nearly 
coinciding with the trend of the hills, with a little more north in it, 
and dragged down towards the great faults here and there. 

Secondly, that a connected though variable series, consisting 
of grits and conglomerates, flanks them on the 8.E., and folds round 
the north-eastern end of the several masses into which the range 
is cut up by valleys, overlapping in turn each of the four groups 
into which the older rocks have been divided, and changing their 
character somewhat according to the rocks on which they rest and 
from which they were principally derived. These grits and con- 
glomerates I refer to the base of the Cambrian, and I now propose 
to trace them more in detail. 


Cambrian. 


We find them well developed on the shore S.W. of Garth Point, 
where there is the following section :— 


Fig. 8.—Section seen along Shore of Menai Straits between Garth 
Point and Gored Gith, Bangor. 


N.E. 8.E. 
Garth 


Ferry. Slate Depot. Gored Gith- 


x. Carboniferous. 

a’, Even-bedded mudstones and finer sandstones. 

a’, Coarse grit, with lines and beds of quartz and jasper pebbles. 

a, Pale mudstone, with subordinate purple beds, especially in lower part. 
a, Coarse conglomerate. * Broken faulted ground. 


Sandy mudstones with subordinate purple beds are seen here and 
there in road-cuttings and elsewhere on the hill above, and the con- 
glomerate can be traced obliquely up the hill-side. It crops out 
below Menai View, runs across from that to near Friddodd, and 
is exposed in a large quarry near Plas Lodwig. It is seen, well 
scored by glacial strie, in the road that leads from Friddodd 
towards Belmont. Probably one of the faults seen on the shore 
near Gored Gith cuts it off on the S.W., and it is thrown forward by 
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the Bangor-road faults into the city, where it appears again below 
the Mount, from which it can be traced at intervals across the end 
of the hill by the EK. shaft of the tunnel, and 8S. and 8.W. to Nant 
Gwtherin. 

The area of two square miles lying 8.W. of Bangor is a difficult 
bit of mapping, from the number of faults and dykes, and the partial 
metamorphosis accompanying them ; but the beds can be pretty well 
identified. I think the district could be satisfactorily worked out, 
especially if we had six-inch maps. 

Felsites occupy the whole area between the Carboniferous fault and 
the Trawscanol fault as far N.E. as Penychwynfa. Cambrian grits 
cross the road near Beulah Chapel, and are seen in the small road- 
cutting in the field opposite the entrance to Belmont. Here also 
there is a greenstone dyke exposed, and on the E. side of it, close to 
the gate, the conglomerate occurs. To the EK. pale mudstones are 
seen along the road from the George Hotel to Bangor, and near the 
four road ends by the “f” of Gosphwysfa. . of this the con- 
glomerates are repeated as described above, being seen almost 
uninterruptedly running from Gored Gith to Plas Lodwig. On the 
8.E. side of the Trawscanol fault Cambrian grit crops out along the 
top of the ridge by Bryn Adda, and then we have the interruption 
of a dyke running along the lane from S. of Maesmawr to the lower 
Bangor road. 

A short distance 8.W. of this, by the ‘‘ dd” of Tafarnnewydd, a red 
erit and fine conglomerate, like the Careg-Hwfa beds, come to 
the surface, and are quarried in places. 

Along the roadside by 'Tyddyndu sandstones and mudstones are 
seen traversed by a dyke which comes behind Coedty. These beds 
dip at a high angle (50° and 60°) to the N.E., and must be cut off 
from the felsites of Cilmelyn by the Trawscanol fault. 

There are some hornstones and baked-looking banded slates on 
the rugged hill near the “ w” of Tafarnnewydd, which at first sight 
I should be inclined to throw in with the Bangor group; but I have 
not worked out that bit, and there are beds very like them caught 
in along the dykes 8.E. of the conglomerate of Tymawr near 
Llanddeiniolen, and these may either be Cambrian, altered by 
the Coedty dyke, or be older rocks faulted in. 

The actual base of the conglomerate and grit I have not seen in 
this part of the district. Fig. 8 shows the section near Garth 
Point, and fig. 9 those made out on either side of Bryniau Bangor. 

The conglomerate is less conspicuous, and the coarse grit more so, 
as we trace the series to the 8.W. The conglomerate consists of 
large pebbles, almost all of which are fragments of felsite with a 
few of quartzite. The grit is generally a tolerably pure siliceous 
rock with but little felspathic matter. The conglomerate is gene- 
rally weathered to a considerable depth. 1t is much decomposed to 
the bottom of all ordinary quarries; but some fragments brought 
up the shaft, probably from the same bed deep down, are of tough 
purplish rock, containing pebbles of felsite similar to those in the 
more weathered conglomerate. 
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It is not, however, found to be so much decomposed as we 
follow it towards Caernarvon. In the quarry at Hendrewen, where 


Fig. 9.—Section from road near Glan Adda, x mile S.W. of Bangor 
Station, due E. across Bryniau. (Length of Section 1 mile.) 


W. E. 
Road 8. of 1 mile W. of 
Bangor station. Hendrewen. Llandegai. 


a*. Black and grey banded flaggy shales. 

a?. Sandstones and grits. Cambrian. 
a. Conglomerate. 

B. Volcanic series, Bangor beds. d, Dyke. 


it is seen to be dropped by a small fault against the Bangor beds to 
the N.W. flank of the Bryniau ridge, it consists of a very tough 
grit and irregular conglomerate, the conglomerate in places being 
very coarse ; one pebble was over a foot in longest diameter. It is 
here traversed by a dyke, near which it is slightly altered. These 
beds can be followed, dipping in a N. and N.W. direction, to near 
Tairffynnon, W. of which place the Bangor beds crop out below 
them. ‘They can be traced along the N. side of the valley towards 
Perfeddgoed, and crossing the valley, which probably coincides with 
faulted ground, we can trace similar purplish conglomerate and 
grit up the road to Wern, and here and there E. of Brithdir, across 
the road N.E. of Cae Cerig, and beyond the rough land of Rhosfawr. 
We find bosses of grey coarse grit on one side and of felsite on the 
other over the hill to Fachell. There we have a fine series of 
sections, from which the E.N.E. part of fig. 6 has been drawn. 
The grits associated with the conglomerate are sometimes purplish 
where the conglomerate is purple, as near the Poorhouse on the 
Bangor road, but sometimes grey or yellowish, even when the con- 
glomerate is purple. Generally the grits underlying the conglo- 
merate are grey and yellow, as near Wern and Fachell. 

About a quarter of a mile N.K. of Fachell, in a large quarry by 
the road opposite Tymawr, the conglomerate is well seen. Its 
general colour is purple, and on closer examination it is seen to be 
composed of pebbles of great variety, from a grey or salmon-pink 
quartz felsite to a bright porphyry, in which red crystals of felspar 
shine in a black matrix. This conglomerate is followed by the 
usual Cambrian grits, sandstones, and mudstones, which are found 
a little further on much troubled by a great greenstone dyke. 

A fault which causes the smashed rock seen along the road by 
Fachell throws back the Cambrian to the W. of Llanddeiniolen. 
S. of this fault, near the church, black and grey banded flaggy 
shales occur, like those seen in a similar position E. of Bryniau 
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Bangor; and W. of these, grits and purplish sandy shales crop out 
in the road and quarry near the Rectory. These are probably all 
above the conglomerate. 

Coarse grits, like those near Fachell, occur along the 8.E. flank 
of the hill for about three quarters of a mile near Careg goch, and are 
quarried here and there. They dip at about 30° to 40° 8.8.K. and 
E.S.E. I take these to be the base of the Cambrian, here irre- 
gularly and unconformably lying upon the felsites, and thrown back 
from the grits of Fachell by the same fault which repeats the Brithdir 
beds at Pantyfallen and Tanyperthi. 

Two miles further to the S.W. we find the grits and conglomerates 
flanking the Caernarvon beds on the $.H. sides of the ridge. They 
are first exposed in a small disused quarry, in a field on the top of 
the hill between Yscuborwen and Tygwyn, where they are seen 
dipping 45° to 48° 8.8.E. and§. 30° E. (fig. 10). The conglomerate 


Fig. 10.—Section in Quarry on top of hill between Vscuborwen and 


Tygwyn, Caernarvon. 
N.W. 8.E. 


a”, Tough sandstone and grit. 
a. Grit and conglomerate, with quartz, quartzite, lydian stone, Jasper, mica- 


schist, &c. 


consists chiefly of white quartz, among which pebbles of blood-red 
jasper are conspicuous, and less commonly fragments of mica-schists 
three or four inches in longer diameter. The conglomerates pass 
under tough grey grits and sandstone, which crop out under the 
hedge all along the opposite side of the quarry, as shown in fig. 10, 
which is drawn not quite at right angles to the strike, and therefore 
shows a somewhat lower angle than true dip. 

Less than half a mile S.W. of this a quarry is being worked close 
to the road recently constructed towards the top of the hill, near some 
new villas. In this a somewhat similar but finer conglomerate is 
seen faulted against the Twt-Hill rock, and passing with a dip of 
about 15° under very tough grey grit weathering yellowish (figs. 3 
and 4), The dyke fault, with a downthrow on the N.E., now 
throws the grits und conglomerates forward to the S.; and they are 
next seen in the quarry illustrated by fig. 2, resting on the Twt- 
Hill rock at an angle of about 65°, and dipping under grits and 
somewhat flaggy sandstones seen in the 8. corner of the quarry. 
The conglomerate has been cut back to the Twt-Hill rock, leaving 
patches adhering in places, owing partly to the irregularity of the 
base, and giving the appearance of alternations of Twt-Hill rock 
and conglomerate, dipping a little to the EK. or W. of 8. The true 
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dip is seen, however, at the 8.W. end of the quarry, and the long 
face of rock fronting the 8.E. is very nearly the bedding-plane. 

The conglomerate is much like that seen in the quarry shown in 
fig. 10, except that almost all the pebbles are white quartz. It is 
exceedingly tough. The finer portions are much like the upper 
conglomerate seen at Garth Point (see fig. 8, a*), and also resemble 
some of the conglomerate in the Hendrewen quarry (see fig. 9). 

The overlying beds consist of a grey grit and micaceous purple 
flaggy sandstone. This is much weathered, and it is not clear how 
far the colour may be due to weathering. 

The conglomerate is again seen on the 8.E. of Twt Hill in front 
of the new church. The dip was not clear, but it appeared to be 
S.E. (fig. 1 

Thus we find the conglomerate and grit, which must all be referred 
to the base of the Cambrian, flanking the Pre-Cambrian rocks all the 
way from Twt Hill, Caernarvon, to Garth Point, Bangor, dropped in 
and repeated by faults here and there, and lapping round the ends 
of all the principal masses of which the range is made up. 

The character of the beds varies according to the rocks on which 
they rest, and from which they were principally derived. Near 
Caernarvon the conglomerate contains chiefly quartz; near Lland- 
deiniolen it is composed of pebbles of felsitic rocks in a fine matrix, 
also like felsitic rock. Near Bangor, though the pebbles seem to be 
chiefly derived from felsitic rocks, the matrix, especially those 
portions which are furthest from the felsitic rocks, 1s often a grit, 
and generally is much more open and porous, probably being largely 
derived from the clastic volcanic series; and this accounts for that 
portion of the conglomerate being most decomposed. 


DESCRIPTION OF PLATE XXXVI. 


Map of the district between Bangor and Caernarvon. 


Discussion. 


Dr. Hicxs remarked that the points of difference between himself 
and the author of this paper were now very small, as it was quite 
clear that the author had abandoned the theory in which he attri- 
buted an igneous origin to the Dimetian (Twt-Hill) series; and he 
hailed the appearance of this memoir also as showing that Prof. 
Hughes was gradually coming round to his views, and accepting his 
threefold division of the Pre-Cambrian rocks. 

Mr. Tawnny stated that the specimen alluded to by Dr. Hicks 
as from a mineral vein was from a bed in the quarry near Twt Hill 
(admitted by every one who had been there to be a conglomerate) ; 
the only question was as to its age. Concerning this, two fairly 
divergent opinions were before us, viz. one recorded by Prof. 
Bonney, that it was a bed in the metamorphic Twt series ; the 
other by Prof. Hughes, that it was lying unconformably against the 
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Twt-Hill series, and was of Cambrian age; the speaker inclined at 
present to the latter view. 

Prof. Bonnry observed that he had not committed himself to more 
than two series, and that the views which he had stated in his paper 
had been founded not only on field-work but also on the microscope. 
With regard to the minor points in Prot. Hughes’s paper, he thought 
there was no doubt evidence of fragmental structure in rock 
from the heart of the T'wt-Hill mass; he did not think that 
colour was of much importance in the classification of felsite; and 
he thought that the district N.K. and E. of Brithdir, which Prof. 
Hughes said he had not worked out, was the most important part. 
He thought that evidence, both in the field and with the microscope, 
showed the beds of the Tairffynnon district to be very different 
from the true Cambrian conglomerate; and that the grit from 
Fachell to Beulah Chapel was altogether different from that at 
Careg goch—the former being a felsite-grit, little altered, the latter 
a quartzite. Lastly, he maintained that the conglomerates in the 
grit near Twt Hill were totally different from the Cambrian con- 
glomerate, were much more highly altered, were in true sequence 
with the beds below, and, so far, older than the Cambrian con- 
glomerate. 

Prof. Hueuxs pointed out that Dr. Hicks had mistaken his views. 
In reply to Prof. Bonney he stated that he thought that the im- 
portance of working out a true sequence among the beds was so 
great as to warrant him in carefully studying that and the effect 
of faults. He had not neglected the microscopic characters of the 
rocks, and slices of all the more doubtful or important rocks were on 
the table; but his chief reliance had been placed on the behaviour 
of the great masses in the field. 
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53. On the Strurtan Rocxs of the Valley of the Cuwyp. 
By Prof. T. M‘Krenny Hueues, M.A., F.G.8S. (Read May 14, 1879.) 


Iy the following paper I offer a preliminary sketch of the Silurian 
rocks of the southern and western part of the Valley of the Clwyd, 
and an attempt to correlate the details with the sequence established 
elsewhere. 

In the northern part of the district flaggy shales with subordinate 
more sandy beds occur; and though fossils are abundant at various 
horizons, I could not detect any group so marked that I could easily 
trace it across the country in the limited time at my deposal, while 
the endless rolls and folds made it difficult to determine, even 
within short distances, which were higher and which lower beds. 
A full list of the fossils of Llansannan from ‘“ beds above the Denbigh 
grits ” is given by Salter, Mem. Geol. Survey, vol. iii.; but I think it 
will be found that there are two horizons, both well up in the Denbigh 
beds, at which Grits occur, and that the Llansannan fossiliferous beds 
occur between them. 

At Pontyrddol, a little over three miles W.S.W. of St. Asaph, 
I procured the following fossils in a black and grey flaggy sandy 
shale :—Petraia sp., Encrinite stems, Atrypa reticularis, Chonetes 
lata, Leptena minima ?, Orthis elegantula, Orthis, sp. (var. of ele- 
gantula), Rhynchonella navicula, Spirifera elevata, Strophomena 
depressa, Pterinea retroflexa. 

On Moel Fodia, about three miles to the south, the beds are very 
fossiliferous; I obtained the following from various sma]l openings 
near the top of the hill :— 


List of fossils from Upper Denbigh Flags of Moel Fodia, Denbigh. 


Cliona prisca. Spirifera crispa, His, 
Nebulipora (Monticulipora). elevata, Dalm. 
Favosites fibrosus, Goldf. Strophomena funiculata, M/*Coy. 
Crinoid stems. depressa, Dalm. 
Lichas, sp. Leptena transversalis, Dalm. 
Atrypa reticularis, Lznn.?, var. with | Cardiola interrupta, Brod. 

fine lines. Cucullella antiqua, Sow. 
Meristella, sp. Pterinea tenuistriata, M‘Coy. 
Rhynchonella navicula, Sow. imbricata, n. sp. 

nucula, Sow. Cyrtoceras. 

Orthis elegantula, Dalm. Orthoceras primevum, Forbes. 


West of Denbigh similar beds can be followed rolling into the hills, 
the Encrinite flags of Nantglyn being apparently pretty high in the 
series. South of Llanrhaiadr and of Llywesog even-bedded banded 
flaggy shales are seen at intervals here and there all the way up to 
the gritty sandstones of Ffriddfawr ; and in the next valley there is 
a very clear descending section from Caregygath, near Moel Ganol, 
by Cyffylliog along the Clywedog into the Vale of Clwyd. 

On the top of Ffriddfawr (see fig. 1) opposite Moel Ganol we find 
a pale grey sandy mudstone, massive were it not for cleavage, with 
the bedding generally obscure. Under this are grey tough beds of 
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Fig. 1.—Seetion across Silurian Rocks in the Valley of the Olywedog W. of Ruthin. 
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sandstone a few inches thick in dark grey shale. Some concretionary 
masses are marked by bands of colour due to infiltration from joint- 
surfaces like the Whetstones of Moughton in Yorkshire, but they are 
not red in the Ffriddfawr rock. The shale weathers into a fine rab. 
Below these are tough, grey, thin-bedded, wavy, banded, concretionary 
mudstones, full of holes such as are sometimes left by the decom- 
posing out of fossils like Mebulipora. Encrinites occur in the concre- 
tions. There is nothing very distinctive about these beds; but they 
agree very well in all their characters with the base of the Coniston 
Grit. We find now a clearer section; and after crossing near 
Cyffylliog alternations of paler and darker banded sandy mudstone 
and grey sandstones, agreeing very well in character with the passage- 
beds from Coniston Grit to Coniston Flags, we come, near Pontuchaf, 
to fossiliferous flags with subordinate thicker and more sandy beds. 

These can be seen in descending section along the sides of the 
valley, and in the bed of the stream to near Berth, where they are 
cut off by a fault which brings the basement beds of the Carboniferous 
against them on the E. 

Measuring from the base of the grits near Cyffylliog, there must 
be about 4000 feet of beds to be referred to this group. — Fossils - 
occur at the various horizons indicated on the section. 

In the cutting N. of Hengoed I observed the following :— 


Encrinite stems. Rhynchonella nucula, Sow. 
Monograptus, sp. | , Sp. 

Atrypa reticularis, Linn. | Cardiola interrupta, Brod. 

_ Rbynchonella navicula, Sow. | Orthoceras primzvum, Forbes. 


At Pontuchaf the following occur :— 
Monticulipora,probably the “Cushion- | Orthis, sp. (var. of O. elegantula). 


like coral” of Salter. Rhynchonella navicula, Sow. 
Encrinite stems. —— nucula, Sow. 
Atrypa reticularis, Linn. , Sp. 
Chonetes lata, Von Buch. Strophomena depressa, Dali. 
Orthis elegantula, Dalm. Orthoceras primxvum, Lorbes. 


From the valley of the Clywedog (see fig. 1) the flags can be traced 
S.W. to the upper waters of the Clwyd in a generally descending 
section as they turn up on the S., till on Garwfynydd we come to 
tough grey gritty sandstones cropping out from below the flags, and 
forming a marked feature across the country. Below these grits, 
which are probably on the horizon of the Penyglog Grits of Corwen, 
and the Austwick Grits of Yorkshire, there are more flags, passing 
down into pale slates, which rest on grey gritty sandstones with 
wavy bands in parts. These last appear to be the equivalents of the 
Corwen Grit*. They are well seen about 4 mile S. of Bod Renail, 
where they are the cause of a series of small waterfalls. 

After some curves, as if in a struggle to run into the Dee by 
Bettws y Gwerfilgoch, the Clwyd is turned back and, making an 
angle of about 70° with its former course, crosses the same series of 
beds again, and running over the Corwen Grits under the old camp 


* Quart. Journ. Geol. Soc. vol. xxxiil. p. 207. 
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Fig, 2.—Section along the upper part of the Clwyd Valley. 
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called Dinas, gets on to the Denbigh Flags less than a mile W.S.W. 
of Derwen Station (see fig. 2). 

The succession is better seen here than in the Bod Renail section. 
To describe the beds, as in the case of fig. 1, in descending order, at 
Derwen Station we have the Denbigh Flags, the equivalent of m in 
fig. 1. These can be followed along the hill-side and river-bed by 
Meiarth, dipping on an average about 20° to 30° E.S.E. 

About + mile W. of Meiarth gritty sandstones similar to those on 
Garwfynydd crop out. They are thrown down to the level of the 
stream by a small fault along which a trial has been made for lead. 
In the flags immediately W. of the fault [found Mongraptus vomerinus. 
These flags have several subordinate beds of sandstone, especially in 
the lower part where they pass into the pale slates. 

The pale slates are well seen in the banks of the Clwyd near 
Glynbach, and in the little stream-course running down from Clegyr- 
mawr, a considerable way below the position assigned to them on the 
Survey map. They consist of alternations of light-grey wavy banded 
sandstones and pale pasty and sandy mudstones with darker bands. 
In the lower part there are black bands from 2" to 6” thick con- 
taining a group of Graptolites, which, with the exception of Mono- 
graptus colonus, are common forms in the Graptolithic mudstones of 
the Lake-district. 

The Graptolites I found were :— 

Monograptus convolutus, His. Monograptus tenuis, Portt. 
triangularis, Harkn. colonus, Barr. 

The Corwen Grit comes out from below the pale slates and 
occupies all the high ground to the W. A small fault crosses the 
Clegyrmawr stream obliquely, and has been followed for lead, which 
seems to oceur principally, if not exclusively, where the sandstones 
arefaulted together. The workings do not appear to have pierced beds 
older than the Corwen Grits; and in the waste rock carried out of 
the level I found an obscure head of an J/lenus. 

On the whole, therefore, it seems clear that we have here a base- 
ment series for the Silurian corresponding in all its details to the 
base of the Silurian made out in Yorkshire and Westmoreland ; and 
that here also, as near Corwen, some of what has been included in the 
Bala must now be referred to the May-Hill Sandstone and higher 
beds. 
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54. On the GrotoctcaL AcE of the Rocks forming the SouTHERN 
Hieutanps of Iretanp, generally known as “Toe Dine e 
Beps” and “ Gurnearirr Grits and States” (Jukes). By 
Professor Epwarp Hutt, LL.D., F.R.S., F.G.8., Director of the 
Geological Survey of Ireland. (Read April 9, 1879.) 


CoNTENTS. 


I. Introduction.—Views of previous authors. Charles W. Hamilton, Thomas 
Weaver, Sir R. Griffith, Rev. Prof. Haughton, Professor J. B. Jukes, 
and J. W. Salter, G. V. Du Noyer, John Kelly, Sir R. I. Murchison, 
The Geological Survey of Ireland. 

II. Reexamination of Sections. Dingle Promontory—suceession of beds. Evi- 
dence from fossils. Parkmore-Point conglomerate. Killarney, Ken- 
mare, Sneem, and Glengariff districts. Supposed conformity of the 
Glengariff series and the Carboniferous beds not proven. 

III. Comparison with Sections in Galway and Mayo. Upper Silurian Rocks of 
West Galway and Mayo. ‘Table of representative beds. Volcanic rocks. 
Plant-remains. 


IV. Relations of the Upper Silurian series of the South-west of Ireland to those 


of the Silurian region of England. Table of supposed representative 
beds. Conclusions from above. 

V. Relations of the Old Red Sandstone to the ‘ Dingle beds §c.” Lower and 
Upper Old. Red Sandstone of the South of Ireland. Suggested relations 
to the Devonian rocks, 

VI. General conclusions. 


I. Iyrropvction. 


THE geological age of the formations which rise into the highest 
elevation in the South of Ireland, and form the central masses of the 
promontories which jut out far into the Atlantic in the counties of 
Kerry and Cork, has been long a subject of controversy. They have 
been referred by successive authors to the Silurian, Devonian, and 
Old Red Sandstone periods. While I would refrain from speaking 
dogmatically on a question which may be incapable of absolute 
demonstration, | wish to place before the Society the reasons which 
have induced me to agree with those who have referred these beds 
to the Upper Silurian age. Before proceeding to the discussion of 
those points which seem to me to bear directly upon the question at 
issue, I will briefly notice the views expressed by previous authors 
on the subject. 


Views of Previous Authors.* 


1838. In this year Mr. Charles W. Hamilton, in a paper entitled 
“ An Outline of the Geology of part of the County of Kerry” +, de- 
scribed the coast sections of the Dingle promontory, noticing the 
beds with Silurian fossils and the overlying slates and grits, and 


* A fuller account of these views than that here presented was drawn up by 
the author, but by order of the Council it has.been curtailed. 
+ Journ. Geol. Soc. Dubl. yol. i. (1858). 
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identified them with the rocks which form the Reeks and Glengariff 
ranges. 

1838. Mr. Thomas Weaver, in a memoir “ On the Geological Re- 
lations of the South of Ireland’’*, described the rocks forming the 
mountains of Cork and Kerry under the old name of “Greywacke 
and slate of the Transition series.” 

1839. Sir Richard Griffith, in presenting his Geological map of 
Ireland to the Geological Society of Dublin, also read a paper on 
the principle of colouring adopted in the above map, and on the 
geological structure of the South of Irelandy, in which he refers to 
the discovery of numerous Silurian fossils in beds in the Dingle 
promontory, notices the discordant superposition of the Old Red 
Sandstone on the clayslate of Dingle, and expresses the opinion that 
‘“‘ eventually the greater part, if not the whole, of the schistose rocks 
of the counties of Cork and Kerry ” will prove to be Silurian. 

1845. Mr. C. W. Hamilton, in a paper ‘“‘On the Rocks in the 
neighbourhood of Killarney as contended, in opposition to Sir R. 
Griffith, that those of the Kallarney and Dingle mountains are not 
Silurian but of Devonian age. - To this paper ‘Sir Richard replied in 
the same year$; and in 1855, in the seconde dition of his geological 
map of Ireland, the beds forming the western portion of the Dingle 
promontory, and the mountainous tracts of Kerry and Cork, are 
coloured and lettered as “ Silurian,” and described as ‘‘ chloritic or 
brownish-grey quartzite or agglomerate, occasionally alternating 
with green and purple slate.” 

1856-7. Prof. Haughton ||, Prof. J. Beete Jukes, and Mr. Salter 4] 
discussed the classification of the Devonian and Carboniferous rocks, 
the latter authors contending for the collocation of the Yellow Sand- 
stone with Knoriia dichotoma, Anodon Jukes, &c. with the upper 
part of the Old Red Sandstone. In 1857, also, Mr. G. V. Du Noyer 
gave a minute description of the rocks of the Killarney district**, 
and assumed the purple and green slates and grits to be of Lower 
Old Red Sandstone age. 

1858. Sir Richard Griffith again took up the question in his 
‘¢ Notes on the Stratigraphical Relations of the Sedimentary Rocks 
of the South of Ireland ” ty, in which he indicates that the base of 
the Old Red Sandstone may be recognized in the Dingle promontory 
with the same unconformity to the underlying rocks as in other 
districts examined, but that the beds with Upper Silurian fossils at 
the extreme west of the promontory pass up directly into the 
“ Glengariff grits ;” and, considering the discordancy between these 
and the Old Red Sandstone, he had no longer any hesitation in re- 
garding the Glengariff beds as belonging to the Silurian system. 
These opinions are supported by Mr. J. Kelly in a paper “On the 
Graywacke Rocks of Ireland as compared with those of England ” ++. 


* Trans. Geol. Soc. 2nd ser. vol. v. (1840). 
+ Journ. Geol. Soc. Dubl. vol. ii. p. 78 (1848). 


t Lbid. vol. iii. p. 134 (1845). § Lbid. vol. iii. p. 150. 
i Thid. vol. vi. p. 227 (1856). §| Lbid. vol. vii. p. 63 (1857). 
** Thid, yol. vii. p. 97. tt Ibid. vol. viii. p. 2 (1858). 


tt Lbed, vol. viii. p. 251 (1858). 
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1867. Prof. Jukes, in a paper comparing the rocks of the South- 
west of Ireland with those of Devonshire, admits that the Dingle 
beds seem to be physically more connected with the Upper Silurian 
than with the Old Red Sandstone*. 

In this year also Sir Roderick Murchison, in the fourth edition 
of ‘ Siluria’ (p. 178), after describing the conformable upward pas- 
sage of the Dingle beds with Silurian fossils into the “ Glengariff 
grits and schists,” maintains that the latter represent ‘those slates 
and grits which in Germany, Belgium, and North Devon form the 
lowest portion of the Devonian system.” 

In the maps and explanatory Memoirs of the Geological Survey 
of Ireland the “ Glengariff grits and slates,” which are the represen- 
tatives of the “ Dingle beds,” are coloured and described as Old Red 
Sandstone; but in the Dingle promontory these beds are separated 
from the Old Red Sandstone, and are coloured reddish brown. This 
is explained by Prof. Jukes to be due to the fact that while the 
boundary line of the ‘“ Dingle beds” is quite distinct in the Dingle 
promontory, it was found impossible to draw any corresponding line 
elsewhere. He “therefore thought it best not to prejudge the 
question.” 


Il. REEXAMINATION OF THE SECTIONS. 


From the above abstracts and notices of authors it will be seen 
that the opinions regarding the age of the Glengariff grit and slate 
series are various. We might almost say “ quot homines tot sententiw.” 
All are agreed that the beds form a group intermediate between Old 
Red Sandstone above and Upper Silurian beds below; by some 
authorities they are classed with the Upper Silurian, by others with 
the Devonian, by others with the Lower Old Red Sandstone. Be it 
recollected, however, that as far back as 1839 the late Sir Richard 
Griffith expressed his opinion that this series, together with the 
subjacent fossiliferous Silurian beds, would eventually prove to 
be of Silurian age. This view he subsequently illustrated and en- 
forced ; and Prof. Jukes admits that “ theoretically it is the better of 
the two” alternatives between Silurian and Old Red Sandstone. 
I have never been able to understand exactly why it has been 
departed from by other observers. For myself, I not only concur 
in this view upon the grounds which he has advanced, but I hope 
to be able to adduce in this paper evidence additional to any yet 
offered in its favour. 

The question having been confessedly left an open one by my 
predecessor, and subject to further investigation, I obtained the 
permission of the Directer-General to reexamine the sections in 
Kerry and Cork likely to throw light upon it; and in company with 
Messrs. J. O’Kelly, Senior Geologist, and Mr. A. M‘Henry, Assistant 
Geologist, I made a tour of the district during the month of 
September 1878. 

We first visited the sections in the Dingle promontory+, then 

* Journ. Roy. Geol. Soe. Irel. vol. i. p, 105 (1867). 


t In this first district Mr. M‘Henry was my only -companion, as Mr, 
O'Kelly did not join us till we reached Killarney. 


Q.J.G.8. No. 140. 3B 


702 PROF. E. HULL ON THE DINGLE BEDS AND 


those in the neighbourhood of Killarney, next those of Kenmare, 
and lastly those south of Glengariff. I shall briefly describe the 
results of our examination of these districts in the order above 
named. A detailed description will be unnecessary,so much haying 
already been written on the subject by authors already quoted, as 
well as by the officers of the Survey. 


a. Dingle Section. (Figs. 1 & 2.) 

The whole series is admirably laid open in the coast cliffs extend- 
ing from Sybil Point to Slea Head, a distance of six miles. The 
bottom beds are probably of Llandovery age, upon which follow 
representatives of the Wenlock and Ludlow beds as far as Clogher 
Bay. Owing, doubtless, to a large fault, these beds are repeated 
to the south of Clogher Head, where they form a section of a dome 


Fig. 1.—Section along the Western Coast of Dingle Promontory, 
showing the connexion of the Dingle Beds with the fossiliferous 


Silurian below. 
N. Mill Yellow Ss. 
Carhoo. Cove. Dunquin. Cove. 
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a. Slates &e. with fossils (Wenlock). 

6. Beds of volcanic ash and lapilli, with felstone and bands of slate. 

c. Purple slate and brecciated beds. 

d. Fine-grained purple grits and slates, passing up into grey and yellow slates 
and calcareous sandstones with Ludlow and Weulock fossils. 

e, Grey and brown and purple slates and concretionary sandstones. 

* Fossiliferous localities. t Supposed base of Dingle beds. 


or inversion, as represented on the horizontal section prepared by 
Mr. Du Noyer. Nevertheless from Carrigcarn, opposite Carhoo, 
southwards there is an unbroken section commencing with the re- 
presentatives of the Wenlock beds up into the Glengariff grits of 
Mount Kagle and Slea Head, which strike across the intervening 
sound into Great Blasket Island. This section, which has been very 
carefully measured and observed, shows a thickness of about 10,000 
feet of strata, and isas follows, adopting the designation of the beds 
as given by the Geological Survey :— 


Section in Dingle Promontory. 
(Beds in descending order.) 


Old Red Sandstone and Conglomerate resting discordantly on several of the 
underlying beds (Sybil Head, Kinard Hill, Bull’s Head, &c.). 
(1. Red and purple slates of Ventry and Dingle 
| Harbour, surmounted by conglomerate of Park- 
more. 
‘“‘ Dingle beds.” 4 2. Glengariff grits.—VHard massive greenish and pur- 
ple grits, sometimes pebbly, and containing flaggy 
| and ripple-marked beds. 
\ 3, Purple and greyish slates with bands of grit inter- 
stratified. 
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“ep yceape bade.” Greenish-grey fine-grained grits with bands of slate 

(Murchison ) resting on grey, brown, and purple slates and con- 

4 cretionary sandstones. 

( Grey, purple, and brown rough slates (cleavage and 
dip coincident). 

Purple and grey slates passinig down into brownish 
and greyish cleaved slates and calcareous grits with 
fossils, Atrypa reticularis, Pentamerus Knightii, 
Rh ynchoneila Sureata, Strophomena depressa, Or- 
thoceras annulatum, &c.* 

Fine-grained yellowish grits and sharp slates, with 


“ Croaghmarin beds.” | 
‘« Herriter’s Cove beds.” | grey shales and brown fossiliferous sandstones, 
{ 
| 


(Ludlow ?) 
(About 1000 fee ) 


(Dunquin Bay.) passing down into fine-grained purple grits and 
(Wenlock.) slates, weathering with cavities, with a base of 
purple brecciated bedst. 

Beds of purplish ash, lapilli, and agglomerate, some- 
times finely laminated and traversed by cleavage- 

planes ; with these are several beds of slate. 

“ Smerwick beds.” ae brown, green, and yellow sandstones and 


Voleanic 
Series. 


(Smerwick Harbour.) flags with bright red shales. No fossils, possibly 
2000 feet. of “ Llandovery” age. 


The above section exhibits not only a gradual passage from the 
unfossiliferous ‘‘ Dingle beds” into Upper Silurians, but an inter- 
calation of these beds themselves throughout a thickness of 1500 or 
2000 feet. The purple slates and grits shown in the section from 
Dungquin Inlet southwards, and lying well below the fossiliferous 
beds, are in no way different from the purple slates and grits which 
he above the highest fossiliferous band. So much is this the case 
that, for some time, these beds were classed by Mr. Du Noyer with 
‘‘the Dingle beds” until the discovery of the fossiliferous band 
above them, when the boundary was shifted further up. It is quite 
open, however, to any one to say that the one view is as correct as 
the other, and that the uppermost known fossiliferous band in the 
“« Croaghmarin beds” is to be included in the “ Dingle series.” 

Another section, showing the passage from ‘“ the Dingle beds” 
into the fossiliferous Silurians, is shown on the northern or western 
flanks of Mount Eagle, in a brook-course which descends towards 
Dunquin National School. The section is as follows (beds in de- 
scending order) :— 


1. Purple rough slates, with bands of greenish grit. Several 
hundred feet in thickness. 


Dingle and j . Thin-bedded light-brown sandstones. 5 feet. 


Passage-beds. . Evenly-bedded bluish-green and purple flagstones and 


2 
3 
tiles. 20 feet. 
E Yellowish fine-grained sandstones, micaceous, weathering 
yellow or brown. 26 feet. 
5. Beds not seen (probably shales). 
6. Calcareous grits, weathering brown, with Upper Silurian 


ds. fossils, 


Upper Silurian 


In this section, as in’ the larger one along the coast, there is no 


* Explanation to sheets 160, 161, 171 of the Geol. Survey Maps, p. 13. 

+ These beds, several hundred feet in thickness, have an exact resemblance 
to the purple slates of the “ Dingle beds,” from which they are separated by the 
fossiliferous “ Croaghmarin beds.” 
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break or evidence of discordance in the succession of the beds; on 
the contrary, the change is gradual, with intercalations, and the 
whole series gives evidence of continuity. 

In fine, after a careful observation of the sections near Dunquin, 
we came away fully impressed with views regarding the relations of 
these beds similar to those expressed by the late Sir R. Griffith, that 
the whole series is one and indivisible, and represents the Upper 
Silurian beds from the base throughout. 


Evidence of Age from Fossils. 


I have already stated that the uppermost fossiliferous band in the 
coast-section at Dunquin might be regarded as occurring in “ the 
Dingle series,” as the purple slates which underlie it are precisely 
similar to those which overlie it, and are supposed to belong to the 
** Dingle series.” Except, however, for the presence in the beds of 
purple slate of remarkable “ fucoidal’’ markings, it must be admitted 
that the Dingle beds and Glengariff grits and slates are lamentably 
destitute of fossil forms. It must be recollected, however, that the 
strata are not favourable to the preservation of such forms, even 
supposing they once existed ; and we have only to refer to some well- 
known marine formations of similar composition to feel assured that 
the absence of fossil forms is no argument against the marine origin 
of the Dingle beds. For example, it is rarely that any traces of 
fossils are found in the “ Bala and Caradoc” grits and slates, which 
occupy so large an area of the north-east of Ireland. The fossils 
which occur are sporadic and local, but hundreds of feet of strata 
may be examined over many square miles without rewarding the 
search of the collector. 

Another very apposite illustration occurs in the case of the ‘* Morte 
Slates ” of the Devonian series, attaining a thickness of from 3000 to 
4000 feet in the Devonshire section, and succeeding the highly 
fossiliferous beds of the ‘‘ Ilfracombe group.” ‘These slates are un- 
fossiliferous; but it is improbable that they have not, like the 
beds below them, been deposited in the sea. Many other instances 
might be cited in support of the view that, notwithstanding the 
absence of marine fossils, the beds we are considering may really be 
of marine origin. Before, however, we admit that the Dingle beds 
are really destitute of fossils, let us consider the evidence offered by 
the Parkmore-Point Conglomerate. 


Parkmore-Point Conglomerate. 

Amongst the highest beds of the Dingle series there occur some 
massive conglomerates forming the cliffs at the entrance to Ventry 
and Dingle harbours, and particularly well laid open at Parkmore 
Point. The pebbles are large, well rounded, and formed of various 
kinds of grit, quartz, hornstone, fragments of purple slate (or schist), 
white ash, vesicular greenstone, and purple fossiliferous limestone, 
or highly calcareous grit. From some of the pebbles Silurian fossils 
were determined by Mr. Salter in 1856*. 


* “Explanation” of sheets 160, 161 &e., of the Maps of the Geological 
Survey, p. 24. 
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Some of these fossils range upwards from the Caradoc or Bala 
stage: but the majority are solely Upper Silurian forms, ranging 
from the Llandovery to the Ludlow stages. 

On examining the specimens in the collection of the Geological 
Survey, it appeared to me that the fossiliferous portions of the rock 
were curiously mixed up with fragments derived from metamorphic 
strata, such as quartz, mica-schist, &c., with which they could have 
no connexion. There can be no difficulty in accounting for the 
presence of such pebbles, as all the rocks older than the Llandovery 
stage are metamorphosed in the west of Ireland, and they probably 
formed the land-surfaces of the Upper Silurian period*. But how 
are we to account for masses of coral, broken shells, and crinoids of 
Upper Silurian age, in company with such rolled and transported 
blocks? Many of these fossiliferous masses are angular, friable, and 
evidently not far removed from their original position. They could 
not have been derived from the fossiliferous Upper Silurian beds 
which crop out on the north-west coast, because these were buried 
underneath by several thousand feet of conformable strata. The con- 
clusion, therefore, that I have come to regarding their presence is 
that they were really formed in situ, in immediate proximity to the 
place where they are found, but have been loosened, drifted, and 
somewhat broken up by the current-action, which carried the 
pebbles of older metamorphosed rocks, and strewed them over the 
sea-hottom. 

I may add that the occurrence of this conglomerate is not re- 
garded by Sir R. Griffith as an obstacle to the acceptance of the view 
of the Silurian age of the “‘ Dingle beds.” He remarks, ‘“ Cases of 
derivative rocks sometimes occur in the same continuous series ; and 
such cases are rather to be expected, if we suppose the existence, at 
points not far distant, of the contemporaneous operation of agencies 
of denudation and deposition” +. On the whole it is impossible to 
suppose that these fossiliferous fragments could have come from 
strata of the Llandovery and Wenlock stages, which were buried 
under several thousand feet of these same “ Dingle beds,” both forma- 
tions being conformable. 


b. Killarney, Kenmare, Sneem, and Glengariff districts. 


That the main mass of the Dingle beds reappears in the promon- 
tories of Iveragh, Dunkerron, and Bear, rising into the highest 
elevations of the south-western highlands, is now universally ad- 
mitted, and cannot be questioned. The rocks are similar in cha- 
racter, consisting of hard massive green grits, sometimes conglome- 
ratic, surmounted by great beds of purple slate with bands of grit. 
Whatever, therefore, may be the age of the Dingle beds in the 
promontory of Dingle, such will it be in the districts of Killarney, 
Kenmare, and Glengariff. 

A difficulty has, however, been experienced by both Griffith and 
the Geological Surveyors in the attempt to separate these beds from 


* See ‘Physical Geology and Geography of Ireland,’ pp. 21-25. 
+ Journ. Geol. Soc. Dubl. yol. viii. p. 11. 
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the Old Red Sandstone in the Kenmare and Glengariff districts. In 
the Dingle promontory, as has been stated, the Old Red Sandstone 
is in the highest degree unconformable to the Silurian and “ Dingle 
beds ;” but it has been supposed that in the districts south of Dingle 
Bay, there is a gradual passage from “the Dingle beds” (Glengariff- 
grit series) up into the Old Red Sandstone and Carboniferous series. 
On this account it was found impossible to draw a boundary be- 
tween the Old Red Sandstone and Glengariff-grit series, and the 
whole is coloured “Old Red Sandstone” on the Survey maps*. 
Again, in the words of Griffith, the matter is thus stated :—‘‘ Here, 
at the very threshold, we are apparently met with an insurmount- 
able difficulty, and that is, that we actually find the Glengariff grits 
gradually conforming upwards, not only into the Old Red Sandstone 
SW AR but also, as a matter of course, conforming to the plant-beds 
of the Yellow Sandstone, such as those of the Coomhola or Roughty 
rivers, as well as to the Carboniferous slate, the Lower and Upper 
Limestone, and the Coal” +. Certainly, if this “‘ apparently ” con- 
formable passage was a reality, it would present a very strange and 
unusual phenomenon in geological science ; for it would amount to 
this, that within the short distance across Dingle Bay we should 
have two formations, on one side in the highest degree discordant 
to one another, and on the other, concordant, and passing insensibly 
the one into the other. On the first consideration, therefore, 
the supposition is very improbable, because 1t may well be ques- 
tioned if such an amount of disturbance and denudation as took 
place between the formation of the ‘ Dingle beds ” and the Old Red 
Sandstone could be confined to the narrow space of the Dingle pro- 
montory. Asa matter of fact, however, I believe the supposition 
is entirely groundless, and arises from the resemblance which exists 
between the upper part of the Old Red Sandstone and the upper 
beds of the “ Dingle” or “ Glengariff-grit ” series. 

For the purpose of investigating this question, my colleagues and 
{ visited the sections on both sides of the Roughty river at Kenmare, 
also at Sneem, which lies about twelve miles west of Kenmare, on 
the northern shores of Kenmare Bay, and lastly at Glengariff; and 
we ultimately arrived at the conclusion that at all these points the 
Lower Carboniferous beds rest directly upon the ‘‘ Glengariff” or 
‘“‘ Dingle beds,” the Old Red Sandstone being altogether absent. If 
this be so, there can be no such passage as that supposed ; on the con- 
trary, there is a wide hiatus, a whole formation being absent at the 
line of junction. I shall now give a brief account of each of these 
sections, beginning with those in the neighbourhood of Kenmare. 

1. Kenmare Sections.—The first is one near Roughty Bridge, 
about three miles above the village of Kenmare, and on the south 
bank of the Roughty river. It is of special interest, as it commences 
in the Carboniferous Limestone, which lies in a narrow trough. The 
beds dip at high angles, 70°-80°. 

The upper portions of the beds underlying the Carboniferous slates 

* See supra, note by Prof. Jukes, p. 701. 
+ Journ. Geol. Soc. Dublin, vol. viii. p. 11. 
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and grits were considered to be ‘‘ Upper Old Red Sandstone,” but in 
reality they in no way differ from the beds of the Glengariff-grit 
and slate series. This view is confirmed by the examination of the 
beds for several miles on both banks of the river; and we therefore 
conclude that the Lower Carboniferous beds rest directly on the 
Glengariff-grit series, the Old Red Sandstone being altogether 
absent. 

Prof. Jukes and Sir R. Murchison have drawn attention to this 
section as illustrating the rapid thinning of the Lower Carboniferous 
slate and Coomhola-grit series as compared with their development 
at Bantry ; this explanation seems to me insufficient. 

2. Section between Kenmare and the Suspension Bridge.—In this 
section hard green grits and purple slates, characteristically repre- 
senting the “ Glengariff-grit series,” immediately underlie the Lower 
Carboniferous beds, so that there is clearly no space for any of the 
strata representing the Old Red Sandstone. The purple slates be- 
longing to the upper division of the series are well laid open in the 
river Sheen, above its confluence with the Roughty. 

3. Section at Sneem.—The sections in the hills to the east of 
Sneem are remarkable for their continuity through a vast thickness 
of strata from the Lower Carboniferous beds downwards. At Knock- 
anamadane and Knocknagullion, a thickness of beds of not less than 
8000 feet may be traversed bed by bed, maintaining a steady dip 
towards the S.S8.E. at angles of 60°-70°. The beds belonging to the 
‘‘ Glengariff series” consist principally of purple slates with occa- 
sionally beds of green grit, and these are overlain by beds which I 
consider to be Lower Carboniferous. The first section we visited is 
that laid open in the bed of the Tahilla river, which falls into Coon- 
gar Harbour. Commencing at the chapel by Tahilla Bridge, we 
find ourselves on dark grey and blue slates which yield fossils 
of Lower Carboniferous age. Below these come olive-grey and 
greenish grits, sometimes calcareous ; and at a distance of about 500 
yards above the bridge we arrive at the junction of the Lower Car- 
boniferous with the “ Glengariff-grit series,”, the Old Red Sand- 
stone being evidently absent. At this junction there is some ap- 
pearance of unconformity between the two formations, several beds 
of Carboniferous grit apparently terminating obliquely against the 
purple slates of the ‘‘ Glengariff series.” I here give a section and 
plan of this very interesting spot (fig. 3), as it thoroughly satisfied 
us of the complete absence of Old Red Sandstone, and that we had 
here representatives of formations separated from each other by 
the wide interval of a whole geological period. 

4. Several other sections in the neighbourhood of Sneem go to con- 
firm the view of the entire absence of the Old Red Sandstone ; for on 
descending the mountains towards the coast, you pass over the highly 
tilted edges of similar beds of purple slate, several thousand feet in 
thickness, and then reach the grey grits and olive-coloured shales of 
the Lower Carboniferous series. The notion, therefore, of a passage 
upwards from the Glengariff beds into the Carboniferous through 
the Old Red Sandstone seems to have been founded on a miscon- 


rod 
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ception of the relations of the beds, so far, at least, as the valley of 
the Kenmare river is concerned. 


Fig. 3.—Plan and Section in the Tahilla river near Sneem, showing 
junction of Carboniferous and Glengariff Beds. 


Plan. 


Note.—The obliquity is perhaps slightly exaggerated in the plan. 


Section. 


a, Purple slates, cleavage vertical (Glengariff slates), dip uncertain. 
6, Hard grey grits, with bands of slate resting with apparent unconformity on 
the purple slates. 


5. Glengariff SecttonThe rugged promontory which separates 
Kenmare river from Bantry Bay, and which is deeply indented by 
Glengariff and Adrigole harbours, falls short of the elevation of 
the Reeks, but is perhaps not less interesting to the physical geo- 
logist than the Reeks themselves, owing to the examples it affords 
of contortions of strata, atmospheric waste, and glacial erosion. The 
hard and massive beds of grit, often naked or scantily clothed with 
herbage, are thrown into several grand folds, and often broken 
off along scarped and serrated ridges, or isolated pyramidal hills, 
as represented in the following section (fig. 4). Notwithstanding 
the apparently complex arrangement of the beds, the general struc- 
ture of the ridge is that of a crenulated arch, in which the lower 
beds of grit rise to the surface in the centre, and the upper beds of 
purple slate occupy the sides, dipping beneath the Carboniferous 
beds which form the shores of the bays and the sides of the valleys 
which lead down to them. 

Excellent sections, showing the junction of the “ Glengariff 
beds” and the Lower Carboniferous or “Coomhola beds,” are 
shown both along the Bantry and Glengariff road and in the banks 
of the Coomhola river. Both tell the same tale, namely, the junction 
of the former with the Carboniferous beds, and consequent absence 
of representatives of the Old Red Sandstone. On following the 
section along the Bantry road, we had little difficulty in determining 
the exact line of division between the two formations, which may 
be observed near the bend of the road, about 14 mile S. of Glen- 
gariff Church. Here the beds of purple slate and hard coarse green 
srit of the Glengariff series give place to the olive-green slates and 
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thin-bedded grits of the Carboniferous. All the beds dip towards 
the 8.S.E. at angles varying from 60°-80°. 

6. Not less decisive is the boundary as shown in the fine section 
of the Coomhola river, which flows into the head of Bantry Bay. This 
section is described by Professer Jukes in the memoir above quoted. 
The Coomhola grits, interbedded with grey and black slates with 
Carboniferous fossils, give place, a few yards north of Coomhola 
Bridge, to the massive purple grits and slates of the older formation. 


Supposed conformity of the Glengariff Series and the 
Carboniferous Beds. 


Considering that in the Dingle promontory the Glengariff-erit 
series occupies a position of extreme discordancy to the Old Red 
Sandstone, and therefore to the Carboniferous beds above, there is 
a prima facie reason for supposing that these formations would be 
found in a somewhat similar relationship in the region to the south 
of Dingle Bay. The evidence of this is, however, very small, so 
much so as to give rise to the impression to which I have already 
referred, namely, that, as expressed by Prof. Jukes, “ from the highest 
bed of Carboniferous slate as deep down as observation has allowed us 
to penetrate (into the Glengariff-grit series), is one great and appa- 
rently continuous series of sandstones, or gritstones and clay slates” *. 
It is a common observation how deceptive are such ‘“ apparent” 
conformities, because beds which are widely separated in geological 
time, if they should happen to be similarly placed as regards the 
horizon, may easily be considered continuous. Whether, if the two 
sets of beds forming the Glengariff, Kenmare, and Killarney districts 
were but slightly inclined to the horizon, a clear unconformity would 
be observable, I am unable to say ; it is not improbable. Butif beds © 
which are only slightly uncontormable to each other are both sub- 
jected afterwards to tangential forces, causing them to assume a 
series of sharp flexures, and to rise to the surface at high angles, as 
is actually the case, it is clear that the original unconformity, what- 
ever it may have been, will have been so completely superseded by 
the more recent flexuring that it will be obscured and be incapable of 
observation unless in transverse sections of great depth. It is thus 
I account for the apparent conformity of the Carboniferous and the 
Glengariff grits and slates in the regions now under consideration. 
The tlexuring of the strata along approximately east and west axes 
after the Carboniferous period has been of so intense a nature as to 
completely overmaster whatever discordant inclinations may have 
previously subsisted between the two formations. But whether there 
is a real or only apparent conformity is a question which cannot 
affect the relation of the beds or the determination of their geolo- 
gical position ; certain | am, in any case, there is not a “‘ continuous 
series,” but, on the contrary, a wide gap in the succession of the beds 
represented by the absence of the Old Red Sandstone in this district. 

I feel satistied that in this district a whole geological formation 
—that of the Old Red Sandstone—which in the adjoining districts 

* Explanation to sheets 192 & 199, p. 8. 
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of Cork, Tipperary, and Waterford attains to important vertical 
dimensions, is entirely absent ; consequently there can be no passage 
from the Glengariff grits and slates into the Carboniferous beds. 


Unconformable overlap upon the Glengariff Beds. 


A detailed examination of the working maps of the 8. W. of Ireland, 
carried out with the assistance of Mr. A. M‘Henry, has developed 
the following remarkable results bearing upon the past and present 
relations of the Glengariff series to the Old Red Sandstone and Car- 
boniferous beds, proving beyond question their unconformity here 
as well as in the Dingle promontory. If we take a series of trans- 
verse sections along a line drawn from the extreme 8.W. of Cork or 
Kerry to the N.E. near the border of Cork and Waterford, the fol- 
lowing will be found to be the relative positions of these beds, as 
illustrated by the diagrams (figs. 5-8). 

Fig. 5 shows these relations diagrammatically and in plan. It 
will be observed that at the extreme left, or S.W. direction, in the 
district of Dunmanus, Bantry, and Glengariff Bays, the Lower Car- 
boniferous slate (1) rests directly upon, or against, the Glengariff 
beds (5). In the centre the overlap is not so great, as the Yellow 
Sandstone (2) rests directly upon, or against, the Glengariff beds 
(5); and at the extreme right or N.E. direction, in the district 
between Cork and Mallow, the overlap is still less, for the Old 
Red Sandstone and Conglomerate (3, 4) rests directly upon or 
against the Glengariff beds. These relations are still further ilus- 
trated in the three transverse sections (figs. 6, 7, and 8). Hence it 
will be observed that while the formations 1, 2, 3, and 4 are every- 
where conformable to each other, they are everywhere unconformable 
to No. 5. There has, therefore, been a deeper depression towards 
the south-west of the old land-surface formed by the Glengariff 
beds, or a subsequent greater elevation and denudation towards the 
north-east after the Carboniferous period. The case of the S.W. of 
Ireland is somewhat comparable to that of the overlap of the Upper 
Silurian upon the Cambrian beds from Herefordshire towards the 
Longmynds*. 

Note.—The view of the relations of the beds above given has 
since been abundantly confirmed by the detailed re-survey of the 
Cork district by Mr. M‘Henry during the past summer (1879). 


III. Comparison wit Srcrions in GAtway AND Mayo. 


If any further evidence regarding the age of the Dingle beds than 
that already adduced were required, it would be found in a comparison 
with the Upper Silurian rocks on the banks of Killary Harbour in West 
Galway and Mayo. Here we find precisely similar beds, sufficiently 


* As I have endeayoured to show elsewhere (Geol. Mag., Dec. 1878), I be- 
lieve this region to have been a land-surface or shoal water during the deposition 
of the marine Devonian beds of Deyonshire and the Rhine; nor was it resub- 
merged till towards the uppermost Devonian period. In this view, lam happy 
to say, Mr. A. Champernowne concurs (Geol. Mag., March 1879). To this sub- 
ject I purpose on another occasion to return. 


713 


GLENGARIFEF GRITS AND SLATES. 


Fig. 5.—Plan showing the relations of the Glengariff Series, Old Red Sandstone and Carboniferous, in the S.W. of Ireland. 
(Distance about 80 miles.) 
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1. Lower Carboniferous slate (and Coomhola grits). 
Conformable Beds , 2. Kiltorcan Beds (‘‘ Yellow Sandstone” of Griffith). 5, Glengariff grits and slates. 
3, 4. Old Red Sandstone and Conglomerate. 
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fossiliferous to place their age be- 
yond question, and rising into 
lofty and rugged elevations like 
those we have been consider- 
ing in Kerry. Amongst these is 
Mweelrea, the highest mountain 
in the west of Ireland, rising 2688 
feet from the level of the sea. 
So similar are the rocks of this dis- 
trict to the “Dingle” or ‘‘ Glen- 
gariff series,” that the general de- 
scription of one set would be ap- 
plicable to the other. 

The Upper Silurian rocks of West 
Galway and Mayo (fig. 9) consist of 
a great series of grits and conglo- 
merates, purple and green slates, 
with beds of conglomerate and 
limestone towards the base. They 
contain sheets of felstone porphyry 
and ash of contemporaneous origin, 
and are fossiliferous at intervals 
throughout. These beds, which 
are of great (but unknown) thick- 
ness, comprise the Upper Silurian 
series from the Llandovery stage 
upwards into the Wenlock and 
Ludlow stages; but, as observed 
by Sir R. I. Murchison, it is im- 
possible in the west of Ireland to 
separate the Upper Silurian series 
into those well-marked stages, cha- 
racterized by beds of limestone and 
special fossils, which he himself 
originally recognized in the Silu- 
rian region. The Upper Silurian 
beds rest everywhere discordantly 
upon a floor of more or less meta- 
morphosed Lower Silurian rocks, 
filling in old valleys and depres- 
sions, and often containing pebbles 
derived from the older formations. 
Mr. Kinahan separates the series 
into divisions, which are probably 
represented in Dingle and Kerry 
as under * ;:— 


* Expl. Mem. sheets 93, 94, &., p. 15 
(1878). 


(Seale 1 inch to 1 mile.) 
Leamaheltia, 
1717 feet 


x X Contemporaneous felstones and porphyries. 


Lough Muck. 


6,. Wenlock and Ludlow beds. 


6,. Upper Llandovery beds. 
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Fig. 9.—Section across the Killaries, from near L. Cunnel to Kylemore (details omitted). 
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Metamorphosed Lower Silurian beds. 
. Unaltered Lower Silurian beds. 
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Representative beds of the Upper Silurian Series in Kerry and 
Mayo and Galway. 


Kerry (including Dingle). 


3. Upper Slate Series.—Bright red 
and purple slates, forming the shores 
of Dingle Harbour, also underlying 


the Lower Carboniferous beds at 
Sneem, Kenmare, Glengariff, &e. 
3000 feet. 


2. Glengariff-grit and Ferriter’s- Cove 
Series.— Massive green grits, sometimes 
pebbly, with beds of slate (Reeks and 
Killarney and Glengariff mountains, 
Great Blasket Island, &.). The slate 
series of Dunquin coast, Ferriter’s 
Cove beds, with volcanic ashes and 
traps, fossils of Wenlock and Ludlow 
species. About 10,000 feet. 

1. Smerwick and Sybil-Head Beds. 
—Lying at the base of the Dingle 
section. Purple and brown and green 
sandstones, flagstones, and shales (no 
fossils). At Bull’s Head, on the slope 
of Caherconree, Llandovery species 


West Mayo and Galway. 


8. Salrock Slate Beds. —Bright red 
slates and shales, with bands of grit 
and one of limestone. Lingula Sy- 
mondsii, Pterinea retrofleca, Trochus 
multitorguatus. About 3000 feet. 


2. Mweelrea Beds.— Green and pur- 
ple grits, conglomerates, with beds of 
slate and shale. Volcanic ashes and 
felspathic lavas in the lower beds. 
Fossils of Wenlock and Ludlow spe- 
cies, 8000 feet. 


1. Owenduff Series (Upper Llando- 
very).—Green and grey grits, sand- 
stones, shales, with brecciated lime- 
stone, with volcanic ashes and traps; 
base generally a conglomerate. Fos- 
sils :-—Favosites fibrosus, Cyathophyl- 


have been found, Favosites alveolaris, 
Cyathophyllum (Petraia) elongatum, 
Atrypa hemispherica, &e. 


lum elongatum, Encrinurus punctatus, 
IWlenus Bowmanni, Orthis  reversa, 
Atrypa hemispherica, Trochus multi- 
torquatus, &e. About 2000 feet. 


From the comparisons above it will be observed that there is no 
essential difference between the sections in the two districts recor- 
ded. In both the fossils are chiefly plentiful in the beds represen- 
ting the Llandovery and Wenlock series; and if in the upper beds 
of the Dingle series they are absent or scarce, such is also the case 
with the Mweelrea beds in Mayo. As regards thickness, both sec- 
tions are incomplete; but we find in each case a great development 
of sedimentary strata, surpassing that of their representatives in the 
Silurian border districts of England and Wales, in which calcareous 
beds occupy a prominent position. To this feature I propose to 
return further on. 

Volcanic Products.—Another feature of resemblance between the 
beds of the two districts, that of Dingle and Killarney, is the occur- 
rence in both of the products of contemporaneous volcanic action. 
In the former district these are opened to us along the coast N. of 
Dunquin Harbour amongst the beds of the Wenlock and Ludlow 
stage, and on a large scale (fig. 1). They are several hundred feet 
in thickness, consisting of beds of felspathic ash and lapilli, more or 
less consolidated, traversed by cleavage-planes and passing from the 
condition of an agglomerate to that of the finest powder. The ge- 
neral dip corresponds to that of the Silurian beds, being south at 
25°-30° ; and immediately north of the entrance of Dunquin Har- 
bour or Inlet there occurs a mass of intrusive greenish felstone, about 

- 100 yards across, which may possibly be the consolidated lava filling 
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the throat of the old voleanic vent, from which were blown out the 
fragmental materials above described. 

These volcanic beds reappear along the southern shore of Clogher 
Bay, and in the adjacent islands, Beginish, Young Island, and Inish- 
vickillane *. 

The representative volcanic beds in the region of the Killarney 
mountains are included in the Glengariff-grit series, and therefore 
belong to a somewhat later stage than those laid open along the 
Dingle coast. These beds range through a distance of about ten 
miles from east to west, entering into the structure of the rugged 
elevations above Lough Guitane, and the slopes of Mangerton, Car- 
rigwadra, and Killeen, north of the river Clydagh. These volcanic 
products consist of felstone, felstone porphyry, and beds of ashes and 
agglomerate, interstratified with the sedimentary slates and grits 
among which they are enclosed. 

One of the principal vents of eruption was situated about a mile 
south of Lough Guitane, and is represented by the bold and sombre 
mass of Benaunmore. This rock consists of columnar light green fel- 
stone, with crystals of felspar thinly disseminated. Itis traversed by 
several dykes of yellowish and pale pink felstone, and on either side 
beds of felspathic ash interstratified with the slate of the district. 
Mr. Du Noyer considers the ash-beds to bear evidence of aqueous 
depositiont. As illustrating the general character of these volcanic 
rocks, the following section (fig. 10) made by the writer and Mr. 
M‘Henry on the hills of the Flesk valley, will probably be useful and 
sufficient. It will be seen, on referring to Fig. 9, that similar vol- 
canic products occur among the Mweelrea beds. 


Fig. 10.—Section of Volcanic Beds in the Hills west of the River Flesk 
near Lough Athoonyastooka. (Length of section about 600 
yards.) 


1. Green grits, &e. 5. Purple slate. 

2. Purple felstone porphyry. 6. Beds of ash, cleaved. 

3. Purple slate. 7. Purple slate. : 

4, Beds of fine ash, cleaved. x Felstone porphyry, either a dyke 


or a volcanic neck. 


* See Geol. Survey Map, sheet 171, and “Explanation ” thereto. _ 

+ “Explanation ” sheet 184, p. 15. Prof. A. von Lasaulx, who, with Prof. F. 
Romer, visited this district in 1876, gives a graphic description of these rocks 
as they occur on the flanks of Mangerton, in ‘ Aus Irland,’ p. 81 e¢ seg. 
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On the supposition that the beds on the flanks of the Killarney 
range, amongst which we find the volcanic rocks, are higher up in 
the series than those at the extremity of the Dingle promontory, it 
would appear that after the volcanic fires had become extinct in the 
latter district, they broke out in the region to the south, both, how- 
ever, belonging to the same geological period. Still later (namely, 
during the epoch of the Carboniferous limestone) there were fresh 
outbursts of volcanic forces in the adjoining region of the county of 
Limerick, resulting in the formation of two distinct bands of lava, 
the lower augitic, the upper felspathic, and separated by a consider- 
able interval of time represented by the formation of many feet of 
limestone. For examples of such intermittent outbursts in the same 
region in more recent times, we might refer to the volcanic district 
of Central France, where, along a tract of country extending for some 
fifty miles, we find a series of several hundred extinct craters, which 
were in activity at different periods ranging down from the Miocene 
into the Pliocene, or possibly even later, and where the older erup- 
tions of Mont Dor and Cantal gave place to those of the Puy and the 
Vivarais. 

Plant-remains.—Besides the “ fucoid ”’ markings which are com- 
mon amongst some of the purple-slate beds throughout the moun- 
tains of Cork and Kerry, impressions of plants, belonging probably 
to the group of vascular cryptogams, have been found in several 
places, particularly in the mountains of Iveragh and Dunkerron, by 
the collectors of the Geological Survey. These have been referred 
by Mr. Baily to the genus Sagenaria. Tracks also, probably those 
of Crustacea, have been discovered, of which specimens are pre- 
served in the collections of the Survey in Dublin. The occurrence 
- of land plants allied to those forms which predominated in the Car- 
boniferous period cannot be regarded as an argument against the view 
that the beds containing them are referable to the Upper Silurian 
period, as several instances of a similar kind have been recognized 
in North America. In this region plant-remains of the genera Lepi- 
dodendron, Glyptodendron, and Sigillaria have been found in beds 
ranging from the base of the Upper Silurian series into the Devonian 
and Carboniferous*. It is necessary to observe, however, that the 
specimens of these plants in the collection of the Survey have all 
the appearance of having been obtained from the Lower Carbonife- 
rous beds. The rock is fine greyish-blue grit, unlike that which 
prevails amongst the Glengariff beds. In either case the occurrence 
of plants does not, as it seems to me, affect the question of the age 
of these beds‘. 


* These have been mentioned by Dr. Dawson, Prof. James Hall, Prof. Less 
quereux, Prof. Claypole, and others, and are cited by the last-named observer, 
in a paper recording a fresh discovery, in Geol. Mag., Dec. 1878. 

+ Since the above was written, the spots have been re-examined by Mr. Baily, 
and there seems little doubt of the occurrence of the plants in the Glengariff 
beds. 
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LY. Rearions oF THE UPPrR SILURIAN SERIES OF THE SOUTH-WEST OF 
IRELAND TO THOSE IN THE SILURIAN REGION oF ENGLAND. 


From what has been said, it will be observed that, along with the 
late Sir R. Griffith, I regard the great series represented in the Dingle 
promontory, from the “Sybil (Upper Llandovery) beds” to the 
highest of the ‘‘ Dingle beds,” as the equivalents of the whole Upper 
Silurian series of the typical Silurian region bordering the Severn 
and Wye. Owing to the occurrence of considerable beds of lime- 
stone and distinctive characters, both petrological and paleontolo- 
gical, the Upper Silurian series of England and Wales is divisible 
into well-marked stages, as established by Murchison ; such, how- 
ever, is not the casein the west of Ireland. This has been acknow- 
ledged by Sir R. Murchison himselfin reference to the district of West 
Mayo and Galway, and is not less true in reference to the districts 
of Dingle and Kerry. The remarkable statement by the late Prof. 
Jukes which I have already referred to, may be regarded as con- 
clusive* on this head; he states that “the Sybil-Head beds, the 
Smerwick beds, and the Dingle beds are all purple slates and con- 
glomerates of exactly similar general characters, so that it would be 
impossible to distinguish them.” This statement, taken from his 
notebook as a general conclusion after an examination of the whole 
section from bottom to top, completely confirms the view I have been 
advocating in this paper. If we compare the sections in the $.W. 
of Ireland with those in the typical Silurian region, we shall find 
the representative strata somewhat as follows :— 


Upper Silurian Series of England and Ireland. 


England (Severn and Wye District). Ireland (Kerry). 
ft. 
Ludlow beds and passage-beds ..........000. 150 | TiEvalloe eal Gl 
: Aymestry Limestone ......... AQ) ea abe eanaty Cols eres 
OMG Aue Gh alen Nea cena ae case eee 709} riff Grits, 10,000 feet. 
Wenlock Limestone ............ 280 | 


Wenlock | Wenlock Shale ...... Ne 


beds. Denbighshire Grits j “7°” Poe 
Tarannon Shale .........s..00. 1500 y MISHA s Cove and Smer- 


wick beds. 


Upper U . 
pper Llandovery lime- 
Pe ! stone and sandstone...... 1000 
Upper Silurian beds ............sceeceee 6670 


From the above comparisons it will be observed that there is a 
large accession of materials in the upper portion of the series in the 
south of Ireland as compared with the representative beds in the 
south of England and borders of Wales. In both regions the Upper 


** This statement was only discovered by Mr. O’Kelly (Oct. 19, 1878) in one 
of Prof. Jukes’s notebooks, dated May 31, 1858, after the above paper was 
almost written, and is accompanied by a sketch and section intended as “a key 
to the whole promontory,” by which he shows that the fossiliferous Ferriter’s 
Cove beds are in part repeated in the Smerwick beds, owing to an inversion. 
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Silurian beds are highly discordant to the Lower; and from the ab- 
sence of these beds in the centre and east of Ireland, where the 
Lower Silurian beds reach the surface, we may conjecture, after 
making allowance for denudation, that these districts were land sur- 
faces through a portion at least of the Upper Silurian period. The 
physical geology of this part of the British Isles is therefore in har- 
mony with that which obtained in the region of Wales, Shropshire, 
and the borders of the Wye; over this region, as Professor Ramsay 
has pointed out, the Lower Silurian and Cambrian rocks formed a 
land surface at the commencement of the Upper Silurian epoch, the 
extent of which gradually diminished by submergence until it was 
converted into several islets towards the close of that period*. Pos- 
sibly this early land surface embraced St. George’s Channel, the 
bordering districts of Waterford, Wexford, and Wicklow, stretching 
into the centre of Ireland, as around the Galtees, the Silver-mine, 
and Commeragh mountains we find the Lower Silurian beds overlain 
directly by the Old Red Sandstone. The Upper Silurian basin must 
have extended far into the Atlantic, and have been of enormous 
depth in the region bordering the coast of Kerry, while towards the 
north it was bounded by the crystalline metamorphosed Lower Silu- 
rian rocks, which appear in West Galway and Mayo, and enclose the 
Upper Silurian trough of the Killaries and Mweelrea. 

It is possible that the upper portion of the Glengariff series is 
newer than the uppermost of the Ludlow beds. The existence of 
the ** Upper Ludlow bone-beds ” shows that the border districts of 
Wales were but slightly submerged at a time when the Upper Glen- 
eariff beds may have been deposited in deeper waters. The Upper 
Glengariff beds may possibly form the connecting links between the 
Upper Silurian and Lower Devonian series. 


VY. Retations or THE Orp Rep SanpsTonE To THE DinGLE Bens, &c. 


Throughout the whole of the south and centre of Ireland the Old 
Red Sandstone is everywhere unconformable to the rocks on which 
it reposes, while it passes up by conformable stratification into the 
Carboniferous series. In the Dingle promontory it rests on various 
representatives of the Upper Silurian series, from the Llandovery beds 
upwards, in that highly discordant manner so well described by 
Griffith and the officers of the Geological Survey, overlapping many 
thousand feet of strata (see fig. 3). Great indeed have been the 
terrestrial disturbances and the extent of denudation in this part 
-of Ireland between the epoch of the deposition of the Dingle beds 
and that of the Old Red Sandstone. At least 12000 feet of strata 
‘have in some places been removed during this period. Again, the 
Old Red Sandstone wraps round the dome-like masses of Lower 
Silurian beds which rise from beneath the central plain, or sometimes 
rises into higher elevations, crowning the heights of Galtymore 
and forming the grand escarpment of the Commeragh mountains. 
Traced towards the north and east through Waterford and Kilkenny, 

* Physical Geology of Great Britain, 5th edit. Eo 
Cc 
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it becomes attenuated, and ultimately terminates against the flanks 
of the old granite ridge, where it is conformably overlapped and dis- 
appears beneath the Carboniferous Limestone, which, in turn, abuts 
on the same granitic ridge at Gores Bridge. 

Throughout this tract the Old Red Sandstone consists of dull, 
reddish-brown, rather soft sandstone, often pebbly, and sometimes 
supported by thick masses of breccia and conglomerate of quartz, 
jasper, trap, and Lower Silurian grit. The upper beds contain bands 
of reddish shale, and the whole series attains in Co. Waterford a 
thickness of about 3200 feet*. ‘The formation, indeed, in its usual 
condition, bears a strong resemblance to the ‘“‘ Pebble-beds” of the 
New Red Sandstone of Lancashire and Cheshire ; and, on the other 
hand, has but a faint resemblance to the “‘ Dingle beds” and Glen- 
gariff-erit series.” The contrast has long ago been pointed out by 
the late Mr. John Kelly, F.G.S., in the following passage, which I 
quote in preference to using language of my own :— 

“The Old Red Sandstone has two prominent points of character 
which, in all parts of Ireland, stand out in relief and make it a rock 
which cannot be mistaken for any other. The first is a thick band of 
conglomerate at its base, which generally contains quartz, jasper, and 
other pebbles. The second that this conglomerate always lies uncon- 
formably on the inferior rock. The other characteristics are that the 
lower part of it is usually of a red colour; it passes upwards into 
yellow ; but both are comparatively soft, and easily split for economic 
use into rudely rectangular blocks, a circumstance quite at variance 
with, and distinguishing it from, the Silurian grits [meaning Glen- 
gariff grits, &c.], which are so much affected by cleavage and so 
hard, that the blocks are quite refractory under the wedge, hammer, 
or chisel, and cannot be worked satisfactorily for building-purposes”}. 

The upper portion of the formation consists of pale yellow and 
greenish sandstones and shales, sometimes containing pebbly beds, 
often rippled and flaggy, and containing remains of plants, fresh- 
water bivalves, and fish, such as Bothriolepis (Dendrodus), Coccos- 
teus, Pterichthys, Glyptolepis elegans. Paleeontologically, this is the 
most interesting and important member of the whole group, and is, 
in all probability, the equivalent of that part of the Upper Old Red of 
Scotland containing the sandstones of Dura Den, with Holoptychius 
and other fishes, to which the Yellow Sandstone of the south of Ire- 
land bears sometimes, curiously enough, a strong resemblance. 

Professor Geikie has suggested that the Dingle beds or Glengariff 
Grits may be the representatives of the ‘‘ Lower Old Red Sandstone” 
of Scotland (‘‘ Old Red Sandstone of Western Europe,” part i. Trans. 
Roy. Soe. Edinb. 1878). If this be so, then they would be the 
marine representatives of lacustrine deposits. Both are unconform- 
ably overlain by (Upper) Old Red Conglomerate and Sandstone. 


* “ Explanation ” to sheets 167, 168, &c. of the Geol. Survey Maps, p. 15. 
+ “Extracts” which were intended to beapplied to Sir R. Griffith’s Geological 
Map, published in ‘ Atlantis,’ January 1859. 
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VI. Generat Conciusions. 


From the above considerations, therefore, I am impelled to the 
conclusion that the great series of green and purple grits, conglo- 
merates, and slates which rise into the highest elevations in the 
south-west of Ireland are of Upper Silurian age, a conclusion pre- 
viously arrived at by the late Sir R. Griffith, the late Mr. John Kelly, 
and other geologists of eminence. Let me now briefly recapitulate 
the reasons *. 

First. These beds form but an upper member of the fossiliferous 
Upper Silurian series of the Dingle promontory, with which they 
are connected both by conformity of stratification and similarity in 
the composition of the beds themselves. 

Second. They are overlain, with the most extreme discordancy, by 
the Old Red Sandstone and Conglomerate, not only in the Dingle 
promontory, but, as I believe, throughout the south of Ireland, 
wherever the two formations happen to come together. 

Thirdly. These beds are evidently the equivalents of the Upper 
Silurian series (at least in part) of the region of West Galway and 
Mayo (“‘ Mweelrea and Salrock beds ”), including the rocks on both 
sides of Killary Harbour, to which they bear a close resemblance. 

Fourth. As these beds cannot be of Old Red Sandstone age, neither 
is it likely they can be the equivalents of the marine Devonian beds 
of Devonshire, Belgium, and the Rhine. Their place is, in all 
probability, below these, as I have already hinted. The most natural 
supposition therefore appears to be that they represent, in a greatly 
expanded form, the Ludlow series of the west of England and borders 
of Wales, and form a connecting link between the Upper Silurian 
and Lower Devonian formations. 

Fifth. The absence or scarcity of fossils cannot be regarded as 
evidence in any way. Fossils are very scarce amongst the upper 
beds of Mweelrea and Killary Harbour, except in a few localities ; 
but sufficient have been found to enable us to determine the age of 
the beds which contain them, I have also given reasons for believing 
that the fossils found in the conglomerate of Parkmore, near Ventry, 
are really of the age of the beds in which they occur. 


Discussion. 


Dr. Duncan remarked on the evidence of the occurrence of an 
enormous interval of time being represented by the great overlap 
described by the author, and stated that he did not feel disposed, 
on palzontological evidence, to include the Carboniferous Slate in 
the Devonian. 


* Tn a paper published in the ‘ Geological Magazine’ for Decomber 1878, I have 
indicated the probability that the marine Devonian beds (Lynton Slates, 
Martinhoe beds, and Ilfracombe Limestones) fill up the gap which in Ireland 
intervenes between the Old Red Sandstone and the uppermost Silurian or 
Glengariff Grit and Slate series. In which case the ‘“ Pickwell-Down Sand- 
stone” would represent the Old Red Sandstone of the south of Ireland. 
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Dr. Hicks expressed his conviction that the great series of truly 
metamorphic rocks in Ireland are not of Lower Silurian, but of 
Pre-Cambrian age. He further stated that a portion of the beds 
regarded as of Upper Silurian age by the author might belong to 
the Lower Silurian. 

Prof. Ramsay remarked that Devonshire is still partly a terra in- 
cognita to the geologist, and that as soon as godd ordnance maps of 
the country are produced a completely new geological survey of the 
country must be made. He had found, both in Westphalia and North 
America, that strata regarded as Lower Devonian are really Upper 
Silurian. He regarded the argument of Prof. Hull as nearly conyin- 
cing. The Lower Old Red Sandstone has not the same relations to the 
Upper Old Red Sandstone in Ireland that the beds called by the 
same names in Wales and Scotland have. In the former case the 
Lower Old Red Sandstone of Prof. Hull is equivalent to the Upper 
Old Red of Scotland, which lies unconformably on the Lower Old 
Red of that country. In the Lower Old Red Sandstone of Scotland 
bands of rock, with Graptolites and Upper Silurian fossils, have 

_been found by Prof. Geikie. He thought that the Upper Old Red 
Sandstone of Griffith had as much right to be called Carboniferous 
as Deyonian. These points only confirmed the views of Prof. Hull. 

Mr. Ussner stated that there is a perfectly conformable series 
between the Foreland Grits and the Culm-measures of Devonshire, 
He thought that Devonshire must still be regarded as affording a 
typical series. 

Mr. Jurzs-Brownz wished to ask a few questions. Prof. Hull’s 
argument appeared to be that, because rocks of a certain character 
occurring in the Dingle promontory were found to be absent in the 
Inveragh promontory, it was therefore to be assumed that there must 
be an unconformity in the latter district as well as in the former ; and 
proofs of an apparent overlap were adduced in support of this. But 
the evidence brought forward was mainly of a theoretical nature ; 
the explanatory section showing the possible overlap was not sup- 
ported by any actually observed section in which an overlap was 
visible. He would like to be assured on what evidence the Glen- 
gariff Grits were correlated with the Dingle beds, and why the 
Upper Old Red Sandstone was banished from the neighbourhood of 
Sneem and Kenmare, as well as from the head of Bantry Bay, 
though it was laid down on the maps of the Geological Survey of 
Ireland and described in the ‘ Memoirs.’ 

The succession of rocks in the Dingle district was so different 
from that in the country south of Dingle Bay, that it was really 
doubtful whether the two series could be compared. 

Few men had gained a greater knowledge of the S.W. of Ireland 
than the late Mr. Jukes, whose views Prof. Hull had quoted; but 
Mr. Jukes had not been able to discover any evidence of discordant 
stratification in the series of rocks referred to. 

The Avrnor insisted that in a number of sections the Lower 
Carboniferous Slate and Upper Old Red Sandstone are seen lying 
directly upon the Glengariff Grits. In reply to Prof. Ramsay, 
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he stated that Prof. Dewalque had arrived at the conclusion that 
the marine Devonian beds of Devonshire and Old Red Sandstone 
of Hereford were different conditions of beds on the same horizon. 
In reply to Dr. Hicks, he stated that all paleontologists were agreed 
as to the Upper Silurian age of the beds below the Glengariff Grits ; 
and the Lower Silurian age of the metamorphic rocks is proved by 
the occurrence in them, when unaltered, of Lower Silurian Grap- 
tolites. In reply to Dr. Duncan, he stated that the Carboniferous 
Slate of Ireland was probably on the same horizon as the Upper 
Devonian of Devonshire. 
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55. Further Discoveries in the CresswEtL Caves. By Prof. Boyp 
Dawsrns, M.A., F.R.S., F.G.S., and the Rev. J. M. Mero, M.A., 
F.G.S., with Notes on the Mammatra by the former. (Read 
June 11, 1879.) 


CoNnTENTS. 
Introduction. 
The Exploration of Chamber A. 
The Exploration of Chamber B. 
Relation of these Deposits to those in other Caves at Cresswell. 
Notes on Pleistocene Mammalia. 
Classificatory Value of Hippopotamus and Leptorhine Rhinoceros. 
Prehistoric and Historic Mammalia. No Evidence of Paleolithic Interments 
in Caves of Britain or the Continent. 
General Conclusions. 


InTRODUCTION. 


WueEn the exploration of the Robin-Hood and Church-Hole Caves 
at Cresswell Crags was brought to a close, in 1876, one of the lesser 
caves remained for further examination, known under the name of 
Mother Grundy’s Parlour, from a certain old gipsy who is said to 
have chosen it for her home. It had evidently been disturbed by 
previous diggings, some of which are said to have been carried on 
by a resident at Cresswell in search of treasure revealed to his wife 
in a dream ; and this fact, coupled with an unsuccessful trial which 
we made down as far as the unfossiliferous sand of the other caves, 
discouraged us from digging it out at that time. We haye to thank 
Mr. John Young for calling our attention to the fact that there still 
remained in the Cresswell Crags an undiscovered chapter in the 
history of the cave-fauna of the district. He had purchased a tooth 
of Hippopotamus in London, which had been obtained from the 
Cresswell Crags by Messrs. Duffy and Gain, of Tuxford; and as this 
animal had not been met with in our previous explorations, we 
resolyed to dig out Mother Grundy’s Parlour without further delay. 
Accordingly in November last the exploration was begun, under the 
careful supervision of Mr. Knight, of Owens College, while we visited 
the place from time to time to direct the work. 

Mother Grundy’s Parlour is a shallow semicircular chamber 
(plan, fig. 1), in a low crag at the eastern extremity of the ravine and 
on its northern side: it might almost be described as a shallow 
rock-shelter, being 35 feet deep by 22 feet wide. On its eastern 
side, near the back (see fig. 1), was a small cavity about 4 feet wide 
by 2 feet 6 inches high, blocked up to the roof with fragments of 
rock and earth; this proved ultimately to be the mouth of chamber 
B of the ground-plan. 

We began the exploration by cutting a trench in the floor on the 
eastern side of the cavern, aud after penetrating through the dis- 
turbed soil found that the underlying beds were in situ, and contained 
bones and teeth in considerable abundance. 
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Fig. 1.—Ground-plan of the Parlour Cave. 
(Seale, 51; inch to 1 foot.) 
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Surface-soil—The floor was covered with a few inches of dark 
surface-soil and numerous large blocks of limestone, and contained 
near the mouth fragments of charcoal, burnt clay and bones, together 
with a considerable number of flint chips and a few flint flakes. 


Fig. 2.—Section 1, in Cham- Fig. 3.—Section 2, in Cham- 
ber A (fig. 1). ber A (fig. 1). 
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This was obviously the equivalent, in point of age, of the superficial 
layer inthe Robin-Hood and Church-Hole caverns (see figs. 2 & 3, 
No. 5). 

‘Red Sandy Cave-earth.—Below the surface-soil was a bed of light 
red cave-earth, which, on being followed up towards the mouth of 
Chamber B, was found to increase in thickness, varying from 3 feet 
6 inches opposite the mouth of chamber B to 2 feet 6 inches at the 
entrance (see figs. 2 & 3, No. 4). The remains of animals were 
abundant, consisting principally of Bison, Reindeer, Bear, Wolf, Fox, 
and Hyzena, the coprolites of the last of these animals being very 
numerous, having been preserved by the dryness of the cavern. In 
the other caverns, which were wet, they had been crushed out of 
shape into layers by the repeated trampling of the animals. A few 
quartzite pebbles, some rudely chipped, were also met with. In the 
upper parts a few flint flakes were discovered, but they were pro- 
bably derived from the superficial soil. 

Red Clay and Ferruginous Sand.—This stratum near the entrance 
of the cave rested on the unfossiliferous white sand (see fig. 2), while 
in figs. 3 & 4, near the entrance of chamber B, two strata were inter- 
calated—a red clay, No. 3, and a highly ferruginous sand, No. 2, 
which revealed the presence of a fauna hitherto unknown in the 
Cresswell Caves. In the ferruginous sand, at the point where Section 
2 was taken, were the fragments of the skull and other bones of 
Hippopotamus, together with teeth of Rhinoceros leptorhinus of Owen 
(R. hemitechus of Falconer), along with numerous skulls and jaws of 
Hyzena and some remains of Bison. It is evident that the skull of a 
Hippopotamus had been left by the Hyzenas in this spot; but unfor- 
tunately it had been broken to pieces by the previous diggings which 
led us to re-examine the cave. The ferruginous sand (No. 2) ulti- 
mately proyed to be purely local (see fig. 4). 


Fig. 4.—Section 3, Chamber A (fig. 1). 
(Scale, 3) inch to 1 foot.) 
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4, Red sandy cave-earth; bones, &C,.....ssccseseessenseenecees 3 0 


Dos SULLACEHBOLL aces veneer Meee SAR Ee eee CCE eee 
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Towards the back of chamber A the strata thinned out rapidly 
and were so unproductive that we thought it advisable to leave it 
unexplored, and turn to what proved to be the mouth of Chamber B 
(fig. 1). 

Tue Exproration or CoamBer B, 


The Red Sandy Cave-carth—The deposits in Chamber B filled it 
up to the roof, and consisted of the strata previously described, with 
the exception of the surface-soil (No. 5) and the ferruginous sand 

No. 2). 

The red sandy cave-earth (see figs. 5, 6, & 7, No. 4) had been 
disturbed here asin chamber A; it contained bones and teeth of Bison, 
Reindeer, Hyzena, and Bear. At a distance of 19 feet 6 inches from 
the entrance, and on the north side, a human skull was met with, in 
a small recess in the wall, at a depth of 2 feet 9 inches from the sur- 
face, here in contact with the roof. Close to it, and above it, were 
the vertebra of a bison and a quartzite splinter. It is, however, in 
spite of this evidence, in all probability, as we shall see presently, 
of a later age than the associated Pleistocene remains. 


Fig. 5.—Section 4, Chamber B (fig. 1). 


ft. in 
1, White calcareous sand; no remains ............ +0108 
Oped Clay BONES; GC../.cukewaeasd-ccntestedscscmeteasasces 3 0 
4. Red sandy cave-earth; bones, &C. .....-ssesereeeeeeees 3.6 


The Red Clay.—The red clay (No. 3) as it passed into chamber B 
gradually increased in thickness, attaining a maximum of 3 feet 
3 inches at the further end. It was very stiffand contained the re- 
mains of Hyena, Bison, Hippopotamus, and Rhinoceros leptorhinus, 
but no implements. It rested immediately on the unfossiliferous 
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white sand (No. 1). At the far end of the chamber blocks of lime- 
stone were imbedded in the clay, and between these many bones of 
Bison were firmly wedged, which were extracted with considerable 
difficulty. The total thickness of the deposits in chamber B varied from 
about 9 feet near the entrance to 5 feet at the end (figs. 6 & 7). 


Fig. 6.—Section 5, Chamber B (fig. 1). 


“he 
et Se 


1 


1. White calcareous sand; no remains ...........cceseseeceeteeeeeneenees 
3. Red clay, with blocks of limestone and bones ..........sssesseeeeeees 3 8 
4. Red sandy cave-earth, with bed of sand (2 in.) at base; bones... 1 8 


Fig. 7.—Section 6, Chamber B (fig. 1). 
(Seale, 4, inch to 1 foot.) 


1. White calcareous sand. 4. Red sandy cave-earth. 
3. Red clay. 


RELATION OF THESE DEPOSITS TO THOSE IN THE OTHER CAVES AT 
CRESSWELL. 


On comparing the above strata with those previously explored in 
the Cresswell Crags, it is obvious that we must correlate them with 
the earlier rather than with the later series. The breccia and the 
upper cave-earth of the Robin-Hood and the Church-Hole caves, 
with their highly finished suite of palseolithic implements and nu- 
merous bones gnawed by hyzenas or crushed by man, are conspicu- 
ous by their absence. When, however, we compare the red sandy 
cave-earth, No. 4, of Mother Grundy’s Parlour with the red sand 
underlying the caye-earth in the two above-mentioned caverns, 
they will be seen to belong to the same stage in the history of 
the caves of the district. The few rude quartzite tools, and the 
numerous bones of animals, remarkably perfect and free from the 
gnawing of hyenas, are to be noted in both. It must, however, be 
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remarked that the horse, so abundantly represented in this stratum 
in the other caverns, is here only represented by two teeth; while 
the remains of Bison, very rarely found in the former, are numerous, 
the vertebre and horn-cores, so universally eaten by hyznas in the 
other caves, being here for the most part intact. 

The red sandy cave-earth, therefore, represents in this cave the 
oldest fossiliferous horizon in the others; and the underlying red 
clay, No. 3, and ferruginous sand, No. 2, are unmistakably to be re- 
ferred to a still older period, the white sand, No. 1, without fossils 
being found alike in all the caves of the Cresswell Crags. 


Notes on Prerstocenr MamMatta. 


If the accompaning list of Pleistocene species be examined it will 
be observed that in the older period of the red clay and ferruginous 
sand the animals inhabiting the district were very different from 
those found in the succeeding deposits in this and the other caverns. 
While the Spotted Hyzena, Fox, Bear, and Bison are common to both, 
the former is characterized by the presence of the Hippopotamus and 
leptorhine Rhinoceros, and by the absence of the Horse, Woolly 
Rhinoceros, and Mammoth, as well as by the absence of traces of 
Man. 


Pleistocene Fuuna of Mother Grundy’s Parlowr. 


Ferrugi- ae 
nous |RedClay. Ge 
eal earth. 

Pal eolifhic: implementsy sass... osecetseosecscees cence 506 n00 * 
Spotted Hyena (var. H. spele@d) .........cse0e.00 * % * 
Hox (Canis vulpes) ........cscrecoscvceceecoecncesseees : * * 
IB GATN CUCKOLD WR OTCLOS)N weisceswdsae coer ee paaes scenes: is * * 
Bison (Bison priscus) .......2ceccecseeeeecsseceseerees * * * 
Reindeer (Cervus tarundus) ......1.1.ssceeeeseerees sya 406 * 
Hippopotamus (H. major = amphibius) ............ * * a 
Horse (Hgu2s fossilis) ......0.:0.cccvceeseceecneseeees ane o6c * 
Leptorhine Rhinoceros (i. leptorhinus, Owen) * * ae 
Woolly Rhinoceros (2. tichorhinus, Pal.) ......... 500 300 * 
BIGGS 5 capsqdeinoangonnoapasqbousodansoncadobonoDGadoENN 38¢ 560 * 


The palzolithic implements in the above list consist of pot-boilers 
and rude splinters of quartzite, and one imperfect hache of ironstone 
of the ‘type Acheulien,’ similar to that figured in this Journal from 
the Robin-Hood Cave (Q. J. G.S. vol. xxxiii. p. 593). The Bear (re- 
presented by 17 bones and teeth) probably belongs to the Grizzly 
species, U. ferow, found in the neighbouring caves. The Reindeer is 
represented by 38, and the Horse by 2, while the Bison and the 
Hyena stand at the head of the list with 143 and 114 specimens. 
The remains of the Elephant, from the upper stratum, are too frag- 
mentary to allow of specific determination. 

The Hippopotamus is represented by fragments of skull and the 
complete molar series of both sides of the upper jaw, one premolar, 
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two upper incisors, all belonging to one individual, a right upper 
maxillary with the permanent dentition just coming into play and 
replacing the deciduous series, three lower premolars, a pair of 
shoulder-blades, and some vertebree. The remains imply the pre- 
sence of at least three individuals, in none of which is the adult true 
molar dentition completed. All are young adults. 

The remains of the Rhinoceros leptorhinus of Owen consist of 
thirteen teeth and fragments of teeth which correspond with the 
specific definition published in the Journal of this Society, 1867 
(vol. xxiii. p. 215). 

The following measurements, taken in inches at the base of the 
crown, are uniform with those already published in this Journal, and 
indicate a slight difference in the proportion of the two upper molars 
as compared with those from Lexden, Clacton, Grays Thurrock, 
and Durdham Down (J. ¢. p. 224) :— 


1. Antero-posterior taken along the outside 


OL CLOW TU OHe ARE ate Wri apts Lh 1:9 1:95 
9, Antero-transverse across the front lobe 
OF tooth. bes ee ENE REE ec ee 2:32 2-4 


8. Postero-transverse across hindlobe of tooth 1:9 2:15 


Some of the Rhinoceroses were half-grown calves with the milk- 
dentition in various stages of wear. 


CLASSIFICATORY VALUE oF Hippopotamus AND LEPTORHINE 
RHINOCEROS. 


These two animals are so frequently companions in the caves and 
river-deposits in Britain, that there is reason for believing that they 
mark a stage in the zoology of the Pleistocene period. Both are 
southern species, the- Hippopotamus being now confined to Africa, 
while the leptorhine Rhinoceros is to be viewed also as an extinct 
species of southern habit. They are associated together in no less 
than sixteen caverns and river-deposits which I have examined in 
this country, and are very generally accompanied also by the EHlephas 
antiquus. The Hippopotamus is a survival from the fauna of the 
Pliocene, and is met with in the Preglacial forest-bed of Norfolk, 
in the Mid-Pleistocene deposits of the Thames valley, the Post- 
glacial strata of Bedford, and the caves of Cefn and Pont Newydd,near 
St. Asaph. The leptorhine Rhinoceros occurs in the fluviatile strata 
under the Hessle clay near Burghin Lincolnshire’, in the brick-earths 
of the Thames valley, and in the above-mentioned Postglacial caverns. 
As a rule, these animals are not met with in association with the 
Mammoth and the Pleistocene stages. They are, however, associated 
with the Reindeer in the caves of Kirkdale and Victoria in Yorkshire, 
of Cefn and Pont Newydd in the valley of the Elwy, and in theriver- 
strata of Bedford, Brentford, London, and Peckham. It is therefore 
evident that they inhabited Britain while the arctic Mammalia were 


* T have to thank Mr. Jukes-Browne for this locality. 


DISCOVERIES IN THE CRESSWELL CAVES. F3t 


present in the country, from which fact, coupled with their southern 
habit, I should feel inclined to consider them characteristic of that 
period in which the southern animals were living in this country, 
but were suffering from the competition of arctic invaders driven 
southwards by the lowering of the temperature—that is to say, in the 
middle stage of the Pleistocene, as I have defined it in my essay on 
the “ Classification of the Pleistocene Strata by means of the Mam- 
malia”*. It must be further remarked that these two animals were 
among those which the Paleolithic hunter saw when he arrived in 
this country, in his expeditions along the valleys now covered by 
the English Channel and the North Sea. They are found in one cave 
only in Britain, the cave of Pont Newydd, along with Paleolithic 
implements, which are fashioned out of quartzite, like those of 
the red sand in the Cresswell Caves. They occur also in the Paleo- 
lithic river-gravels of Bedford and Peckham, along with implements 
of the type ‘Acheulien of De Mortillet. 


PREHISTORIC AND Historic MAMMALIA. 


The following list (p. 732) represents the principal remains refer- 
able to prehistoric and historic times. It differs in no important 
particular from that of the other caves in the Cresswell Crags, with 
the exception of the occurrence of fragments of four human skeletons, 
all belonging to children and youths, and all being found in the red 
sand. Those discovered in chamber A evidently were deposited in 
strata which had been disturbed by repeated diggings, and do not 
belong to the Pleistocene age. In proof of this we may mention 
that the head of an iron hammer was found by Mr. Knight at the 
bottom of the red sand. 

The skull found in chamber B, also, at a distance of 19 feet 6 in. 
from the entrance and ata depth of 2 feet 9 in. from the surface, can- 
not be looked upon as belonging to the age of the red sand, although 
the passage was completely blocked up in some places, and there were 
no obyious evidences of disturbance around it. The recent bones 
belonging to the various animals in the accompanying list, scattered 
through the red sand, show that it has been disturbed since its depo- 
sition, certainly by the burrowing of foxes, rabbits, and badgers, and 
most probably by the hand of man. The Sheep or Goat, the short- 
horned Ox, and domestic Pig found in it were unknown i in France, 
Germany, Belgium, or Great Britain in the Pleistocene age, and 
were introduced by the Neolithic herdsmen into Northern and 
Western Europe. ‘This skull, therefore, cannot be viewed as a relic 
of one of the Palzolithic hunters in Derbyshire, but must be referred 
to their successors in the district. 

The two skulls, sufficiently perfect to allow of the shape of the 
cranium being made out, belong to two types, well known in this 


* Quart. Journ. Geol. Soe. vol. xxviii. p. 410. 

+ The asserted occurrence (Brit. Assoc. Rep., 1878) of traces of Man in the 
same strata as the leptorhine Rhinoceros and Hippopotamus in the Victoria 
Cave is founded on an unfortunate mistake. 
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Prehistoric and Historic Fauna of Mother Grundy’s Parlour, 1878. 


Surface-soil and 
disturbed red sandy 
Cave-earth. 


Human bones and implements ................s0.ee00 
Wild Cat (Felis catus ferus) .....cccccoscecsecneceeeees 
Dog (Canis familiaris) ......cecscseccscsseseneeesoscees 
1 SNop-@:( (GF KEI IAS) Sob oeaodononaqoneubsaneacodadcasdHeonconcece 
Marten (Mustela martes) ........cseersecoececceerecnseees 
Tpke lege (AIS UCAS) seanaaccsaqob00s00000000200000005008 
Stag (Cervus Claphus) .........csecscsoececerercrseeserees 
1s) (Gb GOPARADILS)).. cocancoosanoabodsdongqaeqcuacoosbnadbac 
Horned Sheep or Goat .........c.cccecececeeeneeeeeeees 
Celtic Shorthorn (Bos longifrons) ..........0.ceseeeeee 
IFS s conoono spoon osdondodondoosbosoooobocdKesoC 

Hare or Rabbit 
Rabbit: as sednscsssatheonaadcnnceceteeeenteceanrane arteries 
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country and on the continent in the Neolithic and succeeding ages. 
That found in the passage B belongs to the long type (dolichocephali 
of Thurnam and Huxley, and according to Prof. Morrison Watson 
is hydrocephalic), while that found in chamber B belongs to the 
round-headed brachycephali of the same two authors. 

The conditions under which the skull in chamber B was discovered 
were such that it might have been taken to have belonged to one of 
the Paleolithic inhabitants of the cave, had not the explorations been 
conducted with all possible vigilance. My experience of cave-explo- 
ration compels me to decline to accept any human bones as Paleo- 
lithic without the clearest stratigraphical evidence on the point, such 
as that offered by the human skull found by MM. Lartet and 
Chaplain Dupare in the cave of Duruthy, Sorde, in the Western 
Pyrenees. Not only is this evidence wanting in every one of the 
Paleolithic types from caverns selected by MM. de Quatrefages 
and Hamy, in their great work ‘ Crania Ethnica,’ now being pub- 
lished, but in the two most important types it points to a contrary 
conclusion. The long skulls constituting the “‘ type de Cro-Magnon ” 
belong to an interment which is later than the Paleolithic remains 
in the rock shelter, because they are above them; and the round skulls 
of the Trou du Frontal are associated with domestic animals and 
pottery of a kind not uncommon in the Neolithic age. The so-called 
fossil man of Mentone may be referred to the same date as the 
polished stone axe found in the cave, and to be seen in the Museum 
at St. Germain, in 1876. The pottery found with human remains 
in the caves of Engis, Aurignac, Bruniquel, and Bize is identical with 
Neolithic pottery, and indicates that the interments are not Palexo- - 
lithic but Neolithicin date. Pottery and domestic animals were alike 
unknown in the Paleolithic age. 

The long skulls found in the above caves are of the same type as 
the long skulls referred to the Iberic population of Western Europe in 
the Neolithic age ; and the round skulls cannot be distinguished from 
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the Celtic or cognate Celtic peoples who invaded Europe, also in the 
Neolithic age, the former being identical with those of the interments 
in the long barrows, and the latter with those of the round barrows 
and of the tumuli of the Bronze age in Britain explored by the Rev. 
W. Greenwell. Both these peoples used caves for sepulchres in 
Spain, France, and Belgium in the Neolithic age. 

From these considerations I find it impossible to follow MM. 
de Quatrefages and Hamy in their ethnological inferences, which are 
based on the assumption that in the above cases the human remains 
belong to Paleolithic men, who lived on in the same area through 
the stupendous changes which banished some and destroyed other 
Pleistocene Mammalia—changes in geography and in climate—into 
the Neolithic age, without, be it remarked, preserving any traces of 
the art of reproducing animal forms or of the ordinary Paleolithic 
implements of the men of the caves. I am unable to believe with 
M. de Quatrefages that any of the present inhabitants of Belgium 
can be traced as far back as the Paleolithic age, or that they have 
withstood in their present homes all the changes and invasions which 
have happened since the Reindeer-hunter camped in the caves of 
the Lesse. Itis to me improbable in itself, and unsupported by 
satisfactory proof. ‘The few human bones discovered in caves, and 
of undoubted Paleolithic age, seem to me too fragmentary to offer 
any satisfactory basis for arriving at any ethnological conclusion as 
to the Paleolithic races of men in Europe. 


GrnrRAL ConcLusions. 


1. It now remains for us to sum up the results of this inquiry 
into the Pleistocene strata of the caves of Cresswell Crags. From 
the preceding pages it will be seen that at the time the red clay and 
the ferruginous sand were being accumulated in Mother Grundy’s 
Parlour by the action of water, the Hippopotamus and leptorhine 
Rhinoceros, the Hyzena and the Bison haunted the wooded valleys 
of the basin of the upper Trent, while we may mark the absence of 
Paleolithic Man and the Reindeer. Hyzsenas were abundant, while 
Horses were absent. 

2. Then followed a time, represented in all the caverns by the red . 
sand, when the Mammoth, Woolly Rhinoceros, Horse, and Reindeer 
haunted the district round Cresswell Crags, and fell a prey sometimes to 
the hyzenas, and at others to the hunter, whose implements of quart- 
zite prove him to belong to the same peoples who have left their 
implements in the river-deposits. 

3. Lastly we have the Paleolithic hunter, represented, in the 
breccia and upper cave-earth of the Robin-Hood and Church-Hole 
caves, by flint implements of a higher order, like those found in 
Solutré (type “ Solutrien” of Mortillet), accompanied by implements 
of bone and antler and the incised figure of a horse, which proves 
them to have possessed the same artistic faculty of reproducing the 
forms of animals so remarkable in the frequenters of the caves of the 
South of France, Switzerland, and Belgium. 

The subsequent history of the caves in the prehistoric and historic 
Q.J.G.8. No. 140. 3D 
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ages falls more properly within the limits of anthropology than geology, 
and presents no points of geological interest worthy of being brought 
before this Society. 


Discusston.* 


The Cuarrman (Prof. Prestwich) observed that both communica- 
tions were of great interest. He believed that this was the first 
instance of a high-level gravel being described in the neighbour- 
hood to which Mr. Fisher’s paper referred. He inquired what was 
the height of the hill on which the Boulder-clay occurred. The 
circumstances much resembled those in the Thames valley or near 
Oxford. In the Somme valley the Hippopotamus occurred only in 
the low-level gravel; here just the reverse. As regarded Prof. 
Boyd Dawkins’s paper, he remarked that the succession also was of 
great interest; the absence of man from a particular cave, however, 
would not necessarily prove his absence for the period. 

Prof. Hucuxs stated that the hills bounding the valley referred 
to by Mr. Fisher formed part of the Chalk-range, which was 200-300 
feet high. 

Mr. Joan Evans said that at Barrington there was another satis- 
factory instance of the Pleistocene Mammalia in beds more recent than 
the Chalky Boulder-clay, and in a condition showing they could not be 
remamé. He doubted whether the worked flint belonged to the age 
of the beds. The round stones, he thought, afforded no satisfactory 
evidence of human use. ‘The materials of the gravel were evidently 
derived from the glacial drift. At Barnwell a flint implement of 
the St.-Acheul type had been found. 

Mr. R. H. Tipprman congratulated the authors upon the impor- 
tance of their discoveries, the succession of the two distinct faunas 
in the Cave tending to strengthen the views formerly held by Dr. 
Falconer as to their relative age. The older was almost identical 
with the Hyzena-bed in the Victoria Cave. He felt bound to 
challenge the remark of Prof. Dawkins, “ that the existence of Man 
with Hippopotamus in the Victoria Cave was founded on a mistake.” 
He wished to state that the cut bones of Goat were found in the 
older beds in that Cave, under such circumstances that it was im- 
possible that they could have fallen from the surface, as suggested ; 
for, by the method of careful working adopted, the upper beds had 
been previously completely removed. Nor was he (Mr. Tiddeman) 
singular in believing the Goat to have existed in Pleistocene times. 

Prof. Srrtey said that no river could have occupied the region 
described by Mr. Fisher, since a slight depression would convert 
the existing rivulets into estuaries. He thought the gravels were 
deposited in salt water, and the freshwater shells and bones of 
land animals had been introduced by small streams. Two or three 
specimens of Hyzena, in excellent preservation, were found some 
years since in Quy Fen. He had described, in the Society’s Journal, 
a rib-bone cut by man, found in the Barnwell gravel, which was 


* This Discussion relates also to a paper by the Rey. O. Fisher, p. 670. 
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associated with a similar series of animals to those found at Bar- 
rington. 

Mr. Cattarp said that the men who made the carvings on bone 
were evidently Neolithic, or still more recent, and Zthinoceros ticho- 
rhinus had survived them ; for its remains were found in the stalag- 
mite above them. 

Rey. J. Macrns Metto stated that he agreed with what Prof. 
Dawkins had said about the human skulls. One was found in a 
chamber where it was hardly possible man would have got in the 
Paleolithic times. He replied to Mr. Callard’s remarks about the 
age of the human race. 

Rey. O. Fisuer stated that another deposit with similar remains 
had been found half a mile higher up the valley. The horse, 
abundant at Barnwell, was absent here at Barrington. He did not 
think gravels could be deposited in an estuary. 

Prof. Boyp Dawkins said the Neolithic races of man could be 
traced in the present European peoples; but not the Paleolithic. 
The oldest race was that of the river-bed men, who could not now be 
identified, and they ranged as far as India. The cavern race might 
be identified with the Esquimaux. As to the cuts on the bones in 
the Victoria Cave, some good judges thought they were made by 
metal tools. The bones were as likely to belong to sheep as to 
goat. Could it be maintained that domestic animals, such as sheep 
or goat, were Paleolithic species? So far as Middle and Northern 
Europe is concerned, they do not appear before the Neolithic period. 
He believed that in this case they came from a deposit of post- 
Roman age, where they were abundant. 
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56. On the so-called Miprorp SAnps. 
By Prof. J. Buckman, F.G.8., F.L.S. (Read June 25, 1879.) 


Ar the village of Midford, some three miles to the south of Bath, 
is a fine section of the upper beds of the Inferior Oolite rock, con- 
sisting of a cap of oolitic freestones of some 20 feet in thickness, 
resting upon a mass of sand, of which 25 feet are exposed at the 
station, and which presents all the features of the sand at Bradford 
Abbas and Bridport Harbour, as the sands are loose, vary in colour, 
and present occasional bands of hard compact stone. 

From these sands being so well shown at this place, Prof. Phillips 
was induced to name them, after the village, the ‘‘ Mrprorp Sawps ;” 
and he thus writes upon the section :— 5 

“Tf we wish to draw a hard limit of mineral deposits, it should 
probably be between the sand and its calcareous cover (which is 
often absent); but if we desire to study organic sequence, we shall 
unite the sands and their shelly cap into a transition group” *. 

Now as this “shelly cap” is the one so highly charged with Cepha- 
lopoda we further quote the following :— 

“The ‘Cephalopoda-bed, as Dr. Wright proposes to call the cap 
limestone of this sandy series, exists where the shells to which it 
owes its name were specially abundant, or by some natural circum- 
stances were brought together. It is not known in the valleys of 
the Cherwell or Evenlode, and very partially in any of the branches 
of the Windrush, Coln, or Churn; but on the western front of the 
Cotswold cliffs it extends from Cleeve-cloud to Wotton-under-Kdge, 
appears on the Dorsetshire coast near Bridport, and is recognized in 
France 7. 

Mr. Woodward, in his ‘Geology of England and Wales, adopts 
thename given by Professor Phillips, as follows :— 

“‘Midford is a little hamlet about three miles south of Bath, and 
it was there that William Smith first studied the Sands, and called 
them the ‘ Sand of the Inferior Oolite.’ 

“They are very well developed at Nailsworth and Frocester, and 
the names of these places have been locally used to designate the 
Sands. 

“« They consist of micaceous yellow sands, with occasional beds of 
concretionary sandstone or sandy limestone called ‘sand bats’ or 
‘sand burrs,’ which sometimes contain organic remains; and they 
are capped by a brown marly iron-shot limestone, one to three feet 
in thickness, which yields numerous species of Ammonites, Belem- 
nites, and Nautili, whence this bed has been termed by Dr. Wright 
the ‘Cephalopoda-bed’+, while the series has been termed the 
‘ Ammonite-sands’ by Mr. Hull” §. 

Now it is the object of this paper to show that Prof. Phillips has 

* Geology of Oxford and the Valley of the Thames, p. 118 (1871). 


+ Ibid. p: 119! { “Dr. Wright termed the series Upper Lias Sands.” 
§ P. 168. Article “ Midford Sands,” 
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confounded two beds, in which he has been preceded and followed 
by the authors quoted. 

The Cephalopoda-bed at Midford, Bradford Abbas, Halfway 
House, and Bridport is situated near the top of the Inferior Oolite, 
while the Cephalopoda-bed of Dr. Wright is situated at the bottom 
of that rock in Gloucestershire, and we have traces of this latter 
below the sands in Dorsetshire. 

The so-called Midford Sands are the equivalents of the Ham-Hill 
building-stone, of the Doulting oolites, of the brown freestones and 
ragstones of the Cotteswolds, and of the grand sand section at Brid- 
port Harbour. 

In the accompanying diagram (fig. 1, p. 738) are placed side by 
side the Midford section and the Haresfield section. 

The detailed section at Midford station is as follows in descending 
order :— 


ft. in. 
Hep Soil an ciiubblopisesnmccnet tas ahiduss ghee tet aucen ee eal Men neaienaacee duane 3 0 
2. TricontA-Grit, consisting of irregular oolitic limestones with but few 3 
HOSSINS ecw. sk cine Nace asians soni Uaecaosuacesenate nancove stern eaaiae ome se eaese: 12 0 
3. Grypnire-Grit=Cephalopoda-bed of Dorset, full of fossils, as at Brad- 
HROTE( Nbc seein dor, Sac plho sacie HOB Ah WARNE eran AP ani na BU MR@s OM Meare pene HRI 0 
4. Bed of hard sandy oolite= Dew bed of Bradford ............ceceveeeeeeeees 20 
5. Oolitic sands with occasional beds of sandy oolite seen on the line...... 25 0 
This bed to the bottom of the valley is nearly .............csseeneeseeeee ees 100 0 
The detailed section at Haresfield Beacon :— 
ft. in. 
( 1.-Blagey Beds=Trigonia-Grit 2...06......0.0..-00- 4 0 
| 2. Soft Beds =GRYPHITE-GRIT...........0.c..eeeeeee 3 6 
3. Shelly beds ......... i fe 
Siivot een | ac | 0 
5. Shelly beds .......0008 2 
ail, URE GHOolicich Marl satee ee MN ua Agee 5 6 
Garena | 7. Different freestone beds=the Midford sand 50 to 70 O 
; (Sy SENG ISIK0}0N2) Gao gagonboongobouoocooonyaecontmanadsononGoOD 1 6 
| 9. Ragstone, more or less oblique cleavage ...... 8 0 
| HOM Compactieediot stomey vse sees 2 6 
11. ( Two beds of soft Oolite, full 4 
| 12. { of Cephalopoda, separated peur et Ps 
(13. | by a ferruginous band ... Saree 


Upper Lias. { 14. Sands and Arenaceous Marl of Upper Lias. 


We take it, then, that the sections at Crickley Hill and Haresfield 
Beacon, in Gloucestershire, in their shelly oolites and ragstones, are 
the exact equivalents of at least 120 feet of the sands which at 
Midford and other places in Somerset, Bradford Abbas and Sherborne 
in Dorset, are identical. 

These sands, as we have before shown, are interrupted by occasional 
beds of stone both at Midford and Bradford, which stones are usually 
as full of comminuted fossils as the shelly oolite of Leckhampton 
Hill; many of them, however, are capable of being identified, and 
the list to be given presently will show much the same fossils as 
occurring in both. 
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Fie. 1.—Sections in Midford and Haresfield Quarries. 
Midford. Haresfield. 
ft.in. 
1. Soil and Rubble.. 3 Oy 


2. Trigonia-Grit ... 120 


ne ceeenenees 


8, Gryphite-Grit = | _. _—— |Dorset Ce- 2. Gryphite Shales 3 6 
Cephalopoda- 60 : phalopoda- 
bed of Dorset. bed. 


. Shelly beds ...... 20 
. Nodular marl ... 1 0 


. Shelly beds ...... 20 


= 


Oe oo 


4, Dew Bed ........: 


6. Oolitic marl...... 5 6 


7. Freestone, 50 to 70 0 


5. Oolite sands, 
from 50 to 100 0 


8. Sandstone’...... cos Ib G 


9, Ragstone ...... ~ 80 


10. Band of oon 26 


| pact stone . 

- y 11. Cephalop.-bed. 1 0 

Indication of Am- Glouceste 12. Hermgmons 02 
monites or Ce- Cephalo- |====S==2-| _ band ......... 
phalopoda-bed poda-bed. 13. Cephalopod} 12 


of Gloucester, 


14, Sands and marls of 
Upper Lias 


15, Upper Lias shales. 
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It should, however, be noted that in the sands there are occasional 
Seams of carbonate of lime, apparently derived from the decay of 
layers of Testacea which have been decomposed in the porous stratum. 

The Gloucestershire sections and the Somerset and Dorset ones 
agree in having a Cephalopoda-bed at the base and another high up. 
Our grand Cephalopoda-bed in Dorset is the equivalent of the Gry- 
phite-Grit on the top of Leckhampton Hill, and both are marked by 
a list of characteristic Ammonites, amongst which are the following :— 


Inst of Ammonites common to the Upper Cephalopoda-beds 
of Dorset, Somerset, and Gloucester. 
Ammonites Brocchii, Sow. Ammonites Humphriesianus, Sow. 
Sowerbii (Brownii?), Sow. Parkinsoni, Sow. 
concavus, Sow. subradiatus, Sow. 
corrugatus, Sow. —— leviusculus, Sow. 


Now these species are common to both districts ; and be it recol- 
lected that as sand underlies this wpper Cephalopoda-bed in Dorset, 
while sand underlies the lower Cephalopoda-bed in Gloucestershire, 
these two beds have been considered as belonging to the same 
horizon ; it was so thought by the late Prof. Phillips, and hence he 
aimed at getting rid of the difficulty by naming these as follows:— 


** MiprorD SANDS. 

«The last of the liassic strata, to which the inferior oolite has not 
quite relinquished its ancient claim, is a variable series of fine sands, 
deposited on the upper lias clay in such a manner as often to defy 
the geologist to draw a hard line between them. ‘These sands are 
bluish under ground, yellowish at the surface. They are covered in 
many districts in the south of England by calcareous and shelly beds, 
which on the first view appear naturally associated with the oolitic 
rocks above; but they contain many fossils which are frequent in the 
sands and not common in the oolites. Thus we have in general 
terms 

Inferior oolite above. 


Shelly calcareous bed. 
Fine-grained sands. 


Upper lias clay below. 

“ Here, then, is a transition series of beds, which for convenience 
and for reasoning may be joined with either or both of the greater 
deposits, which, in fact, they feebly tie together” *. 

Now when we consider that the sands at Midford are the equi- 
valents of a great mass of the Inferior Oolite of Leckhampton, Hors- 
field, and Crickley, it will be seen that, however the name of either 
Oolite or Lias sands for the beds below the Gloucestershire freestones 
may apply, the term Midford Sands cannot apply to the equivalents 
of the freestone and ragstone beds of the Cotteswolds, of which these 
so-called Midford Sands undoubtedly are the equivalents. 

Hitherto we have described the beds below the so-called Cephalo- 


* Geology of Oxford and the Valley of the Thames, p. 118. 
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poda-bed at Midford, Sherborne, and Bradford Abbas as sands; and 
it is interesting to mark how persistent they are over a wide area; 
but we must guard against its being supposed that it is always so. 
On the contrary, at Ham Hill, and so far off as Doulting, in Somerset, 
the equivalents of these sand beds with occasional beds of shelly 
oolite will be made up wholly of shelly oolite, so much so as to afford 
thick masses of characteristic oolitic building-stones, for which both 
quarries have for ages been celebrated. 

In order to make this the more clear, we append the following :— 


Fig. 2.—Sections of Ham Hill and Doulting Quarries. 
Ham Hill, Doulting, 


Fossil-bed denuded, so that the whole 1. Thesandsdenuded. \3_., 
of this section is below the Cepha- | 23s 
lopoda-bed. 9, White thin - bedded Bier 

1. Sand bed with enclosed block of Freestone. en B 
shelly oolite. oad 

2, Foxy-coloured thin-bedded Free- 3. Thick blocks of whi- | q% & 
stone. tish Freestone. IW? = 

3. Freestone cut out in thick blocks. 

These sections may be detailed as follows :— 

Section at Mr. Trask’s Quarry, Ham Hill. ft. in 

1. Sands including a portion of a ‘pot-lid’ of shelly oolite ..........0... 12 0 

2, Ochre-beds=equalling in part the Leckhampton freestone bed ...... 50 0 

3. Beds of ochraceous building-stone made up of comminuted shells= 20 0 
Shelly OOlMbS .. 2.0.6.2 0. cues eoseeoeseracs ene te essacesarececnitieseesessieniee aves 

4. Rough grey stone=Pea Grit ............008 boandbondaoResdocadonnooBoNGodee 10 0 
5. Sands=the so-called Oolite Sands (Lias of Dr. Wright) at Cheltenham. 


Tt will be seen that the next quarry is by no means so deep a 
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working as the Ham-Hill section. This latter is the highest and 
deepest-worked of the series. 


Section at Mr. Trask’s Quarry, at Doulting. 


MeeeWhewuppermbeds)Genuded. Ae nemncsecteccseoreececsesdsecssncsccuencececseesnce ft. in. 

2. eee white freestone, more or less made up of comminuted >10 0 
shells 

3. Blocks of freestone used for best building-stone..............:seeseeeeeees 25 0 


Pome e ete eee meee erro een sere eases sass eas essseteseastasesssssssssssserrasess 


This section shows that the Ham-Hill equivalent has been denuded 
from the upper part of the quarry, while the beds below the freestone 
are covered up; but, judging from the district, we conclude that the 
building-stone is underlain by the blue or grey bed, and this, again, 
by some sands. 

At Milborne Wyck we have beneath the fossiliferous or Cephalo- 
poda-bed beds much of the same character as those at Doulting ; but 
here the colour is neither foxy nor wholly white, but is occasionally 
tinctured with green grains, probably derived from some phosphatic 
salt. 

From these remarks it will be seen that the composition of the 
bed under review is so very variable that the mistakes made in its 
reading may be easily accounted for, as the difference between a 
thick rock of yellowish sand only occasionally interrupted by bands 
and pot-lids of shelly oolite occupying a thickness of over 100 feet. 
The ochraceous building-stone at Ham Hill and the Doulting beds, 
as also their equivalents in Gloucestershire, are of about the same 
thickness. The differences here noted, then, are very marked, so 
far as lithological structure is concerned ; the thicknesses at the same 
time very nearly accord. It is not true, then, that “the Inferior 
Oolite, which near Yeovil immediately overlies the sands, 1s com- 
paratively thin, in consequence of the absence of the thick-bedded 
limestones which impart such a thickness to this formation in 
Gloucestershire” *. 

The so-called Midford Sands, the sands at Bradford and near 
Sherborne, together with the building-stones at Ham Hill, Doulting, 
and other places, are neither more nor less than Inferior Oolite, as 
they are all on the same horizon as the middle and lower beds of 
this rock which are so well exposed over the Cotteswolds. 

Now inasmuch as the sands to which Prof. Phillips gave the 
name of “ Midford Sands” are not the same as the sands in Glouces- 
tershire, but belong to a higher (Oolitic) series of beds, the proposed 
name will in no wise solve the difficulty ; and we feel convinced that 
had Prof. Phillips been made acquainted with the true nature of the 
sands of Somerset and Dorset, as now explained, he would never 
have proposed it. 

We look upon it, then, that the Inferior Oolite is of about the same 
thickness in Somerset and Dorset as in Gloucestershire ; there is no 
missing link, as some have attempted to explain ; still, however, the 
lithology differs from that of the Cotteswolds, but not more than 
may be observed in different parts of the Cotteswolds themselves, or 


* Quart. Journ, Geol. Soe. vol. xvi. p. 34. 
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than the difference of the sands at Midford compared with the 
admitted oolites of Ham Hill and Doulting. 

Tf we look to the fossils of this part of our Oolite series we shall 
find the subject beset with many difficulties, the chief being that 
where the rock is hard, as at Ham Hill, it is absolutely made up of 
a mass of comminuted shells cemented by an oolitic matrix, so that 
great industry, patience, and knowledge of fossils is required to get 
them and to make them out. They are, however, both in texture 
and even in colour at Doulting, like the “shelly oolite” of Brodie, 
and certainly contain many of the fossils of that member of the 
Cotteswold series. 

Another difficulty as regards the making out of the fossils arises 
from the fact that as this sand bed has been correlated with Lias, so 
many of the shells are considered as indicating Lias. It is also 
true, as regards the Jurassic of the west, that several Lias forms do 
actually occur in the true Oolitic deposits, thus mounting higher 
than they do in the Cotteswolds; on the other hand, what we have 
hitherto taken as positively indicative of high Oolitic rocks are 
found here in the sands,—facts which will be seen from the list we 
now append to this paper. 

The following, then, is offered as an imperfect list of the fossils 
from the sand (so-called Midford) of Dorset and Somerset ; it must, 
however, be understood that if they could be made out there are 
probably very many more species than we have been enabled to 


determine. 


Lust of Fossils from the Sands of Dorset and their equivalents. 


Pentacrinus, ossicula of, frequent. 

Apiocrinus Parkinsoni, Brown and others. I have a series of ossicula from the 
sands, and also a body from the Dorset Ammonite-bed, Bradford Abbas. 

EcuinopErms. Plates and spines of various species occur in the sands, also in 
the stones at Ham and Doulting. 

Serpula socialis occurs frequently on the surfaces of the blocks of oolite and on 
the harder beds which occur in the sand. : 

Crustacua, claws and portions of. 

Belemnites quadricanaliculatus, Quenstedt. 

tricanaliculatus, Quenstedt, probably the same species. These are common 

in the sand bank. 


irregularis, | Occur on the blocks of stone occurring in the sands, Brad- 


subtenuis, 


compressus. ford Abbas. 

Nautilus intermedius, 
latidorsatus, Rarely in the blocks of stone in the sands. 
excavatus, 


inornatus, 

Ammonites jurensis. Common to the sands and the Ammonite-bed. 

Moorei, 

— _ Germain, From the sands at Coker. A. Moorei is common. 

Aigion. 

GasrEropopA. So rare that we cannot be said to have made out a single species*. 


* Since the above was written we have broken up a block of stone in the sand 
at Bradford containing bits of at least two Ammonites and three species of 
Univalves. 
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BracuropopA, very crushed and fragmentary. We fancy we have made out the 
following from Ham Hill :— 

Terebratula hemispherica, 

Waldheimia carinata, 

Ethynchonella concinna, 

cynocephala. 
Other forms occur in oolite blocks in the sand bed. 

LAMELLIBRANCHIATA. 

Avicula complicata. Buckm. Geol. of Cheltenham, t. 6. f. 5. 

Gervillia Hartmanni. Common on the sandy slabs. 

Ostrea bullata. Ditto. 

Marshii, Ditto. 

Hinnites velatus. Ditto. 

Pecten clathratus, 

discites, 

annulatus, >On the slabs intercalated in the sands everywhere. 

lens, 

demissus, 

Lima densipunctata and others. Ditto. 

Pinna Hartmanni. Ditto. 

ampla. The same as the Cotteswold Great-Oolite species ; sands. 

Astarte elegans. Ditto. 

pullus. Ditto. 

clathratus. Ham Hill. 

— rigida. Ditto. 

Trigonia sculpta. Bradford Abbas. 

formosa. Ditto. These forms are like those of the sands. There are 
perhaps two or three others of both the costated and clavellated forms in 
the sands. 

Isocardia concentrica. Sands. 

Modiola. Two or three forms. 

Tancredia donaciformis, Sandy stones. 


Very rare on the blocks of freestone. 


If the foregoing list be examined, fragmentary though it be, it 
will convince any one of the true Oolitic facies of the beds from 
which the fossils are derived. 

We conclude, then, from the foregoing remarks that the so-called 
Midford Sands are true Oolitic beds, not freestone at Midford, though 
decidedly so at Ham Hill, Doulting, and over a great part of the 
Cotteswolds. 

And we especially dissent from the notion that this sand bed at 
Midford or in Dorset can in any way be classed with the so-called 
Oolitic sands of some, Lias sands of others, of the Cotteswolds. They 
are, however, still confounded in our maps, though the sands below 
the freestones of the Cotteswolds are situated at least 100 feet below 
the sands of Dorset with which they have been confounded. 


Discussion. 


Mr. Hupreston agreed with the author in regarding the Cepha- 
lopoda-bed of Dorset as quite distinct from that of the Cotteswolds. 
The real difficulty, he thought, would be found in the correlation of 
the Yeoyil Sands. 
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57. On Lerrpopiscus Lrsourt, a new Species of AGELACRINITDE 
from the CarponirEeRous Series of NortHumBrrtanp. By W. 
Percy SiaDeN, Esq., F.G.S., F.L.S. (Read June 25, 1879.) 


[Prater XXXVII.] 


On this side of the Atlantic the Agelacrinitide are forms of the 
Echinodermata of such rarity of occurrence that each may well be 
spoken of as a veritable Phoenix amongst fossils! More than thirty 
years have elapsed since the first-discovered and hitherto solitary 
British species, Agelucrinites Buchianus, Forbes*, was found in the 
Bala Limestone of North Wales; and to this there can be added only 
two other forms, viz. A. bohemicus, Rémer+, from the Silurian of 
Bohemia, and A. rhenanus, Romert, from the Devonian of the Eifel, 
to make up a full list of the representatives of the group in Europe. 
Indeed so great is the rarity of these Cystideans that the number 
of individual specimens obtained from the whole area may literally 
be counted in units on the fingers alone. 

Turning, however, to the American continent, where Agelacrinites 
was originally made known, the group of species is found to be some- 
what more numerous, whilst forms occur amongst them which rank 
as allied genera§, and the vertical distribution extends from Lower 
Silurian up to Lower Carboniferous strata. 

The organism which furnishes the subject of the present com- 
munication was obtained at Kast Woodburn, in Northumberland, 
from a schistose limestone belonging to the Lower Carboniferous 
series, aud is especially interesting as being the first example of a 
Carboniferous form of the Agelacrinitidee occurring in Europe. We 
are indebted for the discovery of this remarkable Echinoderm to 
Prof. G. A. Lebour, of Newcastle-upon-Tyne, to whose energy and 
industry geologists already owe much information on the Carbo- 
niferous measures of the north of England. When originally found, 
the fossil was greatly obscured by adherent matrix, and further 
clearing seemed impracticable, owing to the extreme delicacy of the 
specimen. rom the imperfect examination only then possible, 
Prof. Lebour was led to refer the form to the fossil described by 
Meek and Worthen as Lepidodiscus squamosus ||, under which name 
he contributed an interesting note to the Geological Society of 
Belgium 4 upon its occurrence in England, and drew sundry infer- 
ences from its associations, 


* Mem. Geol. Survey, vol. ii. (1848), pt. ii. p. 521. ‘ 

t Recorded by Beyrich in Leonhard and Bronn’s N. Jahrb. f. Min. Geol. u. 
Petref., 1846, p. 192. 

t Verh. d. Naturh. Vereins f. Rhein]. u. Westph. 1851, viii. p. 857. 

§ Hemicystites, Hall, and Lepidodiscus, Meek and Worthen, comprise forms 
originally described as Agelacrinites. ¥ 

|| Proceed. Acad. Nat. Sci. Philad. 1868, p. 357; Geol. Sury. Illinois, vol. v. 
(1873) p. 513. 

| Ann. de la Soc. Géol. de Belg. t. iii, p. 21. 
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Subsequently Prof. Lebour kindly entrusted his specimen to the 
writer for examination, when, after carefully cleaning away the 
obstructing film of matrix which covered a great portion of the disk, 
it was at once evident that the fossil was distinct from any hitherto 
recorded. 

I have very much pleasure in associating the name of my friend 
with this species, of which the following description will furnish 
the characters :— 


Leprpopiscus, Meek and Worthen, 1868. 


Leprpopiscus Lezourt, sp. noy. Plate XX XVII. 


Agelacrinites (Lepidodiscus) squamosus, Lebour, Ann. de la Soc. 
Géol. de Belg. t. ii. p. 21 (non Meek and Worthen). 


Body depressed, discoid or subconoid in form, marginal contour 
slightly oval; covered with imbricating plates. The rays, which 
are Six in number, are elevated in relief above the plane of the disk, 
and are long, narrow, and strongly curved in semispiral (five sinistral 
and one dextral), as they radiate from the centre to the periphery, 
parallel with the margin of which they are prolonged for some 
distance. The apical portion of the disk, which is formed by the 
common union of the radii, consists of seven or eight irregular 
plates, compactly fitting to one another, which form an uninterrupted 
and continuous surface with the plates which belong to the radial 
series. The brachial plates may consist either of broad, short*, 
band-like plates, which span across the ray, or (more frequently ?) 
of alternating pairs of wedge-shaped pieces, the elements of the 
pairs being reciprocal and presenting every degree of relative pro- 
portion. On account of this irregular development there is an 
absence of uniformity in the arrangement of the plates, especially 
in the middle portion of the ray; and this is further augmented by 
a tendency to division manifest in some of the plates. A careful 
study of the specimen leads to the conclusion that the wedge-shaped 
plates are consequent on a certain retardation of development, and 
that the result is produced somewhat after the following manner :— 
A ray-plate, by reason of retardment of development, has its distal 
margin sloped away, thus producing a wedge-formed piece, which of 
necessity requires a corresponding modification of the succeeding 
plate, in order to maintain the equilibrium of the series. Two 
alternating wedges are the result. The stages of diminution or 
retardment of development are present in every degree, the size of 
the companion plate varying proportionally and reciprocally. It 
frequently happens that two neighbouring plates have the proximal 
_ margin of the inner and the distal margin of the outer plate, on the 

* It may be well to explain that the terms of length and breadth used 
throughout this paper are applied to the plates in respect to their proportions 
when in natural position on the organism, and do not necessarily correspond 
with those which would be employed when familiarly describing the same 
object in an ¢solated state. Thus, in the present case, length is measured 


between the proximal and distal margins, and breadth is the extent across 
the ray. 
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same side, curtailed, so that they form together a wedge-shaped 
pair; this requires a reciprocal modification of the following plate, 
or next two plates, as the case may be. The apex of the wedges, 
whether single plates or pairs, not unfrequently reaches nearly to 
the opposite side of the ray, the corresponding companion plate 
being in consequence reduced to a quite insignificant secondary 
plate or scale. Sometimes the alternation of wedge-shaped plates, 
or pairs of plates, is continued, in the manner above indicated, for 
several successive series, without a break, along the ray (see fig. 3). 

The broad, band-like plates occur at intervals between the others, 
and in one or more of the rays a series of three or four follow in 
succession immediately after the irregular apical plates, and form 
the first of the brachial series at the inner extremity of the ray. 
In one of the rays, on the outer portion which surrounds the peri- 
phery of the disk, there is a large and uninterrupted series of simple 
plates; but whether these occur in the same portion of every ray 
it is impossible to say, in consequence of the damage which our 
specimen has suffered. Hach of these broad plates has generally 
both the proximal and the distal margins somewhat bevelled off at 
either side, and the extremities more or less rounded, thereby 
leaving a narrow, triangular space or aperture at the extremities of 
the suture between any two plates and close up to the junction 
with the adjacent imbricating interbrachial area (see fig. 4). The 
lateral ends of these plates are also a little thickened ; and at a short 
distance from the same the plate is somewhat rapidly, although only 
slightly, arched upwards, thus conforming to a dorsal convexity of 
the ray—a character which the wedge-shaped plates also exhibit in 
a greater or less degree. 

The interbrachial areas are narrow and irregularly subpetaloid, 
with the inner or arm-angle well rounded; they are covered with 
large subrhomboidal plates, which are strongly imbricated inwards— 
that is to say, an outer plate overlaps the margin of its more internal 
neighbour. In relative proportion the length of a plate is usually 
equal to, or sometimes greater than, the breadth, one of the largest 
measuring 0-1 of aninch. The free angle is slightly rounded, and 
this becomes more pronounced as the plates approach the periphery, 
where they are also proportionally broader. The plates immediately 
within the marginal portion of the ray are somewhat smaller and 
more squamiform than the rest; whilst those on the outer side, 
which form the margin of the disk, become broad short scales, quite 
different in facies from the diamond-shaped plates which constitute 
the general tessellation of the interradium. It seems probable that 
this marginal series of scales was imbricated outwardly, that is, in 
the opposite direction to the inner series; but, unfortunately, very 
little of this portion of the fossil remains. Along the line of junction © 
of the interradia with the raised rays are traces of a series of small 
seale-like plates, which imbricate or abut upon the flat ends of the 
plates of the brachial series; these, however, can only be detected 
here and there, owing to the condition in which the fossil is pre- 
served, and their obscurity is explained by the supposition that 
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Lepidodiscus was to a certain extent collapsible, and that the upper 
ray-plates could be more or less drawn in when the animal assumed 
its retracted or uninflated state. 

The interbrachial area enclosed between the single dextral ray 
and the sinistral one which stands opposed to it is subtriangular in 
contour and larger than any of the other areas; it contains also an 
orifice, situated in the angle formed by the curve of the sinistral 
ray, which was originally closed by narrow wedge-shaped plates, 
and was in all probability the periproctium, and the homologue of 
the anal tube of Crinoids. 

The imperfect preservation of the part of the disk just mentioned 
prevents, unfortunately, the extremity of the odd dextral ray being 
followed to its final termination. This ray, after extending for 
some distance along the area within the curve of the sinistral ray, 
bends inward towards the periproctial aperture, and is lost in the 
confusion which occurs amongst the plates in that vicinity. 

The surface of the plates is finely granular, and when magnified 
is seen to be densely covered with accurately rounded spherules; no 
order is traceable in their arrangement on the plates of the inter- 
radia ; but on those of the rays the granules show a tendency to run 
into one another, and usually assume a linear arrangement across 
the plates. 

Absolutely nothing can be said respecting the under surface of the 
present fossil, and hardly any light, beyond the record Forbes has given 
of the fragmentary structures preserved in Agelacrinites Buchianus*, 
has yet been thrown upon the structure of this part of the Agela- 
crinitide by any specimens hitherto described. In commenting upon 
an example of Lepidodiscus cincinnatiensis, Romer, found at Rich- 
mond, Indiana, which seemed “to have grown on one of the valves 
of an Ambonychia, and from which the shell had separated in such 
a manner as to take with it the underside of the Agelacrinites, and 
leave its upperside in the matrix so situated as to expose its inner 
surface,’ Mr. Meek? states that ‘“‘the inner side of each arm or 
ray is here seen to be composed of a single series of quadrangular 
pieces that are not imbricating, while the disc-plates near the outer 
margin show, on their inner surfaces, little parallel ridges, directed 
inward, and apparently fitting into corresponding furrows in the 
lapping edges of the contiguous pieces.” Of the plates mentioned 
above as forming the floor of the radii, there are indications in the 
present specimen, at the broken extremity, of more than one of the 
rays; but respecting their individual form in this species, or of the 
other structures observed by Mr. Meek, it is impossible to speak. 

The dimensions of the specimen are as follows :—the greater dia- 
meter measures 0:98 of an inch, the lesser 0-8; breadth of a ray near 
the inner extremity about 0-07. 

Remarks.—The specimen has been crushed and somewhat distorted 
prior to or during the process of fossilization, and its margin has also 
suffered considerable damage when the matrix was first roughly 


* Mem. Geol. Survey, vol. ii. pt. 2, p. 522. 
+ Geol. Sury. Ohio, vol. i. pt. 2 (Paleont.), p. 55. 
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cleared away. The whole organism, as usual in most of the remains 
of Agelacrinitide yet found, is much flattened, a circumstance which 
renders it difficult to say what was the exact form presented by the 
body when in hfe. ‘That its dorsal surface was more or less convex 
or subconoidal is beyond doubt; and itis also extremely probable that 
in the present type of Lepidodiscus, at least, the hard test was to a 
certain degree flexible and collapsible: hence the fair deduction 
follows that the animal would doubtless have astonished its captors, 
if there had been dredgers in those early seas, as much as Asthe- 
nosoma (= Calveria, Wy. Thomson) did by its palpitations when first 
hauled on board H.M.S. ‘ Porcupine’ during the expedition in 1869. 
The imbricating scale-like nature of the plates would alone naturally 
lead to this conclusion ; and the presumption is further strengthened 
when the manner is noted in which the spirally disposed radii are 
displaced and contorted under the action of the flattening to which 
the test has been subjected. In addition to this it should not be lost 
sight of that the form of the plates of the radial series likewise fur- 
nishes strong evidence in favour of such aview; for the arched margins, 
the bevelled ends, and the blank interspaces are all provisions calcu- 
lated to afford flexibility; and although the property, it is true, might 
be possessed only to a very limited degree by the radu taken as a 
whole, it would nevertheless be sufficient, in all probability, to corre- 
spond with the movement of the disk-plates—a concord, it may be 
noted, without which the utility of the imbrication of the latter 
would seem very remote. 

Some American paleontologists remark on what they haye con- 
sidered to be traces of pores (presumably of ambulacral function 
from the manner in which the statement is made), situated between 
the plates of the radial series; but in no instance that I am aware 
of have such pores been actually discovered. There is certainly 
nothing of the kind in the Northumberland specimen; and I would 
suggest, without slighting in any way the observations just alluded 
to, the possibility that the blank interspaces which have been 
described in ZL. Lebourt as situated at either end of the line of 
junction of the ray-plates may have been mistaken for true tenta- 
_ cular foramina—an error which might easily occur if the specimen 
had only been imperfectly cleared. 

The early writers on Agelacrinitide regarded the mouth as opening 
on the central portion of the dorsal surface, at the junction of the 
radii, although none of the fossils then known were in a condition 
to prove whether an orifice existed or not. This view must now be 
considered erroneous, as several of the recently discovered specimens, 
which are more perfectly preserved, show unmistakably that no such 
orifice was present on the dorsal surface. The fossil now under 
notice is closely plated in the centre of the disk, and certainly 
possessed no external aperture in that region of the test. 

The orifice situated in the large interbrachial area was referred to 
by Forbes (loc. cit.) as the “ ovarian pyramid;” this opinion has been 
followed by numerous writers up to the present time, whilst others 
have considered it to function as mouth or mouth-anus respectively. 
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Dr. Liitken*, however, has pointed out some time ago the analogy 
of this aperture in Agelacrinitide with the anal tube of recent and 
the so-called “‘ proboscis ” of Paleeozoic Crinoids ; concurrently, there- 
fore, with that view, the opening in question has been spoken of in 
the above description as the periproct or anal aperture. 

Affinities and Differences.—Although the various species of Agela- 
erinitidee present a general facies whose similarity at first sight is 
very striking in a group maintaining such an extended distribution 
both in a vertical and horizontal direction, they will nevertheless be 
found on analysis to exhibit numerous divergences from the type which 
are very difficult to understand, and of which the explanation is most 
hazardous, and, indeed, scarcely possible from the very scanty and 
isolated material which paleeontologists as yet have at their disposal. 
In support of this remark no further instance need be cited than the 
occurrence of the Agelacrinites-form and the Lepidodiscus-form in the 
Lower Silurian, and also both in the Lower Carboniferous as well, 
thus leaving us unable to say which of these should be looked upon 
as the original type; whilst the entire absence of all intermediate 
forms prevents us from throwing any light upon the causes which 
brought about the modification or the stages that have intervened. 
As our knowledge of this interesting group is unfortunately so 
fragmentary, we are unable to do more than point out the external 
characters which distinguish the present form from those with which 
we are already familiar; and a glance at the list which is given 
below will show that the number of species with which we can thus 
draw comparison is very small. 

The Carboniferous forms of Agelacrinitidee have been known to us 
hitherto only from America—the only two species being Agelacrinites 
kaskaskiensis, Hall, and Lepidodiscus squamosus, Meek and Worthen ; 
the former found in the Kaskaskia limestone at Kaskaskia, Illinois, 
and the latter coming from the Keokuk beds of Crawfordsville, 
Indiana. 

The resemblance of Lepidodiscus Lebouri and Agelacrinites kas- 
kaskiensis is merely superticial, for the imbricating plates and the 
character of the radial series furnish diagnostic features which 
readily separate the two species. he affinity with Lepidodiscus 
squamosus is much closer: the Northumberland specimen resembles 
the Indiana form in having imbricating interradial plates; but these 
are distinguished in L. Lebowrt by being much more angular 
(rhombic) in form, and by having their length equal to or greater 
than the breadth, and the margins always rounded; and L. Le- 
bourt further differs in haying larger, and consequently less nume- 
rous, disk-plates, which are also more uniform in size than in 
L. squamosus. There is a wide difference between the two species 
in the structure of the radial series. In ZL, squamosus these consist 
of a double row of narrow plates, but little broader than long, which 
abut against one another in the median line; whilst in LZ, Lebowre 
they are either wedge-shaped pieces alternating with one another, 
or single band-like plates which extend across the ray. It is also 


* Vidensk. Meddel. f. d. Naturh. Forening i Kjébenhayn for 1869, p. 187. 
OrdiG.8.. No. 140. 35 
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to be noted that Z. Lebowrt is distinguished from L. squamosus by 
haying six rays, which are, moreover, proportionally narrower than in 
the American fossil, and very slightly tapering. The two remaining 
species of Lepidodiscus (L. cincinnatiensis, Romer, and L. pileus, 
Hall, both from the Lower Silurian) are differentiated from our 
species still further than those which have been compared above. 
LL. Lebourt is also very distinct from each of the European Agela- 
erinitide. The Devonian species (A. rhenanus, Romer), however, 
presents a feature which is interesting when compared with the 
present Cystid ; the fossil, which is imperfectly preserved, is repre- 
sented as possessing a single series of broad plates which span the 
rays, a character hitherto looked upon with doubt, and considered 
as abnormal amongst the group, but which now, when viewed by the 
side of ZL. Lebouri, will be regarded as presenting a stage in the 
series, although an extreme type, it is true, and difficult to associate 
with our present knowledge of the forms of Agelacrinitide. 

The following list indicates the stratigraphical distribution of the 
group, as well as the generic subdivisions into which they have been 
classified :— 


AGELACRINITIDA. 


(a). A@HLACRINITES, Vanuxem. 


(Plates of the interradia not imbricating ; radii curved.) 
A. Buchianus, Forbes. Lower Silurian: Bala Limestone. 
A. Dicksoni, Billings. Lower Silurian: Trenton Limestone. 
?A. vorticellata, Hall. Lower Silurian: Cincimnati group. 
? A, | Edrioaster| Bigsbyi, Billmgs. Lower Silurian: Trenton Limestone. 
A. hamiltonensis, Vanuxem. Devonian: Hamiliton group. 
A. rhenanus, Romer. Devonian: Hifel Limestone. 
A. kaskaskiensis, Hall. Lower Carboniferous: Kaskaskia Limestone. 


((). Lerrpopiscus, Meek and Worthen. 
(Plates of the interradia imbricating ; radii curved.) 
L. cincinnatiensis, Romer. Lower Silurian: Cincinnati and Trenton 
Limestones. 
L. pileus, Hall. Lower Silurian: Cincinnati group. 
LL. squamosus, M. & W. Lower Carboniferous: Keokuk group, 
LL. Lebouri, Sladen. Lower Carboniferous: Bernician beds. 


(y). Hemicysrrrus, Hall. 
(Radii straight.) 
H. | Agelacrinites| bohemicus, Romer: Lower Silurian. 
H. | Agelacrinites| Billingsti, Chapman. Lower Silurian: Trenton Lime- 
stone. 

FZ, stellatus, Hall. Lower Silurian: Cincinnati group. 

? H, (Cystaster) granulatus, Hall. Lower Silurian: Cincinnati group. 
H. parasitica, Hall. Upper Silurian: Niagara group. 


Locality and Horizon.—Prof. Lebour has kindly given me details 
of the geological position of this Cystidean, which was found by him’ 
in an impure limestone cropping out in the river Rede, where it 
forms a low water-fall just north of the bridge above the village of 
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Kast Woodburn. ‘The limestone occurs in thin courses, separated by 
bands of calcareous shale, and is remarkable for the great quantity 
of well-preserved Polyzoa to be found in it. It is somewhat 
flagey, having a tendency to split up into flakes, and the faces are 
crowded with specimens of Fenestelle, Ceriopore, Leda attenuata, 
Orthoceratites, &e. The limestone is sometimes known as the ‘‘ Brigg 
Limestone,” and is associated with a thin coal which has been worked 
from time to time, but only in a very small way. Both limestone 
and coal are in the Lower Bernician, or lower part of the Carbo- 
niferous Limestone series, not very far below the Ridsdale Ironstone 
shale. 


EXPLANATION OF PLATE XXXVII. 


Fig. 1. Lepidodiscus Lebourt, Sladen: magnified 34 diameters. 
2. The same: nat. size. 
3. Diagrammatic representation of the wedge-shaped plates of the rays, 
much enlarged. 
4. The simple broad plates on the marginal portion of a ray, much 
enlarged. 
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~l] 
Or 
1) 


58. Mote (3rd) on (Kucamerorus, Hulke) Ornirnorsis, H. G. 
Seeley, = BoruRiospoNDYLUS MAGNUS, Owen, = CHONDROSTEO- 
SAURUS MAGNUS, Owen. By J. W. Huuxe, Esyq., F.R.S., F.G.S. 
(Read May 28, 1879.) 


Tue following paper contains a description of an unusually perfect 
dorsal vertebral centrum of Ornithopsis, additional information re- 
specting the cervical and anterior dorsal vertebree, and a comparison 
of its presacral vertebra with those of several recently discovered 
Colorado Dinosaurs, bringing out several concordances but also such 
differences as prove the generic distinctness of Ornithopsis. 


Our knowledge of the skeleton of this remarkable Wealden 
Dinosaur is still so incomplete that I deem myself fortunate in 
being able to submit to the notice of the Society an unusually well- 
preserved vertebral centrum, which I obtained from the sea-cliff, 
near Chilton, Isle of Wight, in 1875; the description of which and 
the remarks that follow may be regarded as a continuation of two 
former notes on the vertebre of this Saurian*. 

This new centrum (No. 178, Coll. Hf) (fig. 1), like that with which 


Fig. 1.—Reduced side view of a Trunk-centrum of (Hucamerotus, 
Hulke) Ornithopsis, Seeley. 


jf. Front. e. Canal. 


Tidentified my neural arch (No. 67, Coll. H) in the summer of 1870 
(the Mantellian fossil, No. 28632, Brit. Mus. Catal., Wealden, S.E. 
England), is characteristically opisthoccelous, the posterior cup being 
deeply hollow, and the anterior convexity correspondingly prominent. 
The contour of the articular ends is oval, the longer diameter verti- 
cal, the upper end of the oval cut off. In its present state the vertical 
diameter of the posterior surface is about 3°5 inches, the horizontal 
diameter about 2-9 inches; but these measures must be regarded 
only as approximative, because the edge of the cup is worn, and 
the whole form is slightly distorted by pressure. I think that when 
the shape was perfect, the difference of the diameters was less 


* Quart. Journ. Geol. Soc. vol. xxvi. p. 318, pl. xxii. 1870; and vol. xxviii. 
p. 36, 1871 (read Novy. 22, 1870). 

t This no. refers to the Catalogue of my collection. I give it because I have 
myself often felt how advantageous it would be to be able, at a future time, to 
identify the actual fossil described by an author. 
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than now. The under surface of the centrum is flattened transversely 
(this flattening may have been increased by pressure, but it has 
not, I believe, been wholly caused by it), whilst longitudinally it is 
made very concave by the swelling of the centrum towards the 
articular ends. The sides of the centrum are excavated by a large 
chamber, which is its most striking feature. The external opening 
of this chamber is an oval not less than 3°5 inches long and 2-2 
high. The upper border of the opening is thinner and more arched 
than the lower border, which is stouter and nearly straight. Inside 
this opening the chamber extends forward into the convexity of the 
front end of the centrum, reaching to within a short distance of the 
articular surtace ; it stretches backwards almost to the surface of 
the posterior cup; it dips downwards to a lower level than the 
lower border of the opening ; and it rises above to the under surface 
of the floor of the neural canal which assists to form its roof. The 
depth of this large chamber, measured vertically from the chord 
of the lateral surface of the centrum, is about 1:4 inch; and the 
chambers in the opposite halves of the centrum approach one another 
so closely that they are separated only by a very thin partition-wall 
in the longitudinal median plane, which, below, rests on the lower 
part of the centrum, and above bears up the floor of the neural 
canal. On each side, near its middle, this partition-wall is strength- 
ened by a vertical buttress-plate, which also furnishes additional 
support to the floor of the neural canal and the roots of the neural 
arch. The annexed sectional diagrams will assist in forming a clear 
idea of this singular structure (figs. 2, 3). 


Fig. 2.—Transverse Section of Fig. 8.—Horizontal longitudinal 
the Trunk-centrum (fig. 1). Section of the Trunk-centrum (fig. 1). 


SS SSAMAH> 


a. Upper lip of side opening. 

d. Lower lip of ditto. 

c, ec. Chambers. 

p. Partition. J. Front. 

6. Buttress. ¢e, ec. Chambers. 
p. Partition. 
6. Buttress. 


The bony tissue forming the outer surface of the centrum, as also 
that which lines the chambers and composes the partition-wall and 
buttress-plate, has a fine grain; it is less smooth and polished than 
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is my first vertebra (No. 67, Coll. H.), shown to the Society 
February 9, 1870. The spongy tissue, almost restricted to the ends 
and lower part of the centrum, is coarse, but not nearly so large- 
celled as in No. 67. This textural difference may not improbably 
be due to the different ages of the two animals to which the ver- 
tebre belonged. No. 67 was one of the largest, and this centrum 
(No. 178, Coll. H.) is by much the smallest of a score which at the 
present time are known to me. A gradational difference of texture 
capable of simple and natural explanation, and outweighed by very 
close correspondence of figure, does not appear to me to be a sufli- 
cient ground for regarding the smaller centrum as representing a 
new species, and I consider it simply as coming from a much 
younger individual. The absence of rib-joint from the centrum 
places this vertebra in that part of the vertebral column which in 
the crocodile is behind the 12th centrum; and the very large size 
of the lateral openings and of the chambers confirms this position. 

The genus Oriithopsis was founded in 1869, by Mr. H. G. Seeley, 
on two vertebral centra preserved in the British Museum. Both 
originally formed part of the collection of the late G. A. Mantell. 
The first is labelled No. 28362, Wealden, S.E. England. The 
second, No. 2259, Mantell regarded and figured as the tympanic 
bone of Iguanodon, although, as he mentions, he had recognized in 
it some resemblance to a vertebra*. This determination was adopted 
by Prof. R. Owen, who described it as a tympanic bone in his 
** Reports on Brit. Foss. Rept.,” 18417, and again described and 
figured it as such in Pal. Soc. vol. for 1854, with the reservation 
that it might perhaps be the tympanic bone of Ceteosawrus or of 
Str eptospond, ylust. The vertebral nature of this fossil, as has been 
mentioned by Prof. Owen in 1875, in his memoirs on Bothrio- 
spondylus, was first clearly perceived by Prof. H. G. Seeley§. In 
a paper read at the sitting of the Cambridge Philos. Society, No- 
vember 22, 1869, he announced this new view of its skeletal posi- 
tion, sketched the more striking features common to it and to the 
centrum No. 28362, Brit. Mus. Catal., asserted their distinctness 
from all known yertebral forms, drew attention to their likeness 
(in respect of the extreme lightness of their construction and the 
side opening) to the vertebree of Pterodactyles and birds, threw out 
suggestions relative to the habits and affinities which this struc- 
tural resemblance seemed to indicate, and gave to the new genus 
represented by these fossils the generic name Ornithopsis ||. 

A few months after this, my first note, ‘On a new and unde- 
scribed form of Wealden Vertebra,’”’ was read here 4]. It showed the 
former existence in the Wealden district of a huge Saurian, far 
exceeding Mantell’s Iguanodon in bulk, having trunk-vertebree 

* Geol. of 8.E. England, pp. 305, 306, pl. ii. fig. 5, and Fossils of Brit. Mus. 
(8vo, London, 1851), p. 255. 

+ Brit. Assoc, Rept. 1841, vol. xi. p. 124. 

¢ ‘Monogr. Foss. Rept. of Wealden,’ p. 18, pl. x. (Pal. Soe. vol. 1854). 

§ Monogr. Mesozoic Rept. part ii. p. 23, pl. vii. (Pal. Soc. vol. for 1875). 

|| Annals and Mag. of Nat. Hist. 1870, vol. v. p. 279. 

* Quart. Journ, Coot Soe. (1870) vol. xxvi. p. 318, pl. xxii. 
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texturally characterized by great compactness of the cortical bone, 
which occurred chiefly in the form of thin sheets, and by an ex- 
tremely large-celled cancellous tissue. As regards their form, the 
vertebra were distinguished by having superadded to the usual 
zygapophyses a vertical bolt-plate produced downwards from the 
median junction of the postzygapophyses, and a corresponding 
notch with smooth articular sides for its reception between the 
prezygapophyses—an arrangement in principle comparable to 
zygosphene and zygantrum. ‘These are shown in figures | and 4, 
pl. xxii., vol. xxvi. (1870). 

Further, these vertebre bore a double rib-joint; they had a sin- 
gularly complex spinous process, and an unusually developed platform 
in the level of the crown of the arch from which the transverse 
process (diapophysis) jutted boldly upwards and outwards to a con- 
siderable distance, strutted and buttressed by thin sheets of bone, 
between which are large and deep recesses. 

These characters collectively justified me in referring the animal 
represented by this fossil to the order Dinosauria; and the singular 
beauty of the groined entrance of the neural canal suggested the 
name Hucamerotus. 

The close agreement of their bony tissues and plan of construc- 
tion had impressed me with the idea of the identity of my neural 
arch and the Manteilian centrum, No. 28632, the first of the 
two centra on which Seeley’s genus Ornithopsis was founded; but 
at the moment proof of this was wanting. Very shortly afterwards 
the Rev. W. Fox showed me in his collection a mutilated centrum, 
retaining enough of the arch and superstructures to establish beyond 
doubt the identity of Hucamerotus and Ornithopsis, No. 28632 
being regarded as the type of this latter. The identification neces- 
sarily entailed the withdrawal of Hucamerotus as a generic name in 
favour of the prior Ornithopsis; and the latter acquired, in addition 
to its opisthoccelous, large-cancellated, side-chambered trunk-centra, 
the characters derived from the neural arch and processes of 
Eucamerotus. 

On September 28, 1870, I found, in a local collection in the Isle 
of Wight, a trunk-centrum of Ornithopsis which, although both ends 
had been shortened by abrasion, measured 11 inches in length, 
6:5 inches across, and about 9 inches in height, affording additional 
evidence of the immense size of the animal. The external opening 
of the side-chamber was a long oval, of which the height was to the 
length roughly as 1: 2. 

A persevering search along the cliffs through the whole length 
of the Wealden exposure at the west end of the Isle of Wight, by 
the Rev. W. Fox, resulted in the addition of several instructive 
pieces to his collection. My own occasional efforts were rewarded 
by the vertebra exhibited to-night and a large very mutilated 
cervical centrum. 

These new acquisitions, to which Mr. Fox, on his part, kindly 
permits me to refer, show that in some of the trunk-vertebree the 
spinous process is expanded transyersely to the direction of the 
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axis of the vertebral column. The accompanying diagram (fig. 4) 
from my notebook, May 26, 1873, shows the construction as seen 
in a centrum, broken across its middle, in Mr. Fox’s collection. 


Fig. 4.— Transverse Section of a large Trunk-centrum in the Collection 
of the Rev. W. Fox. 


c. Chamber. 
0, o. Lateral openings 
to chambers. 


nm. Neural canal. 
p. Partition. 
6. Buttress. 


In 1876, Prof. R. Owen described and figured, under the new 
name Bothriospondylus (B. magnus), the Brit. Mus. fossil No. 28632 
(the first of the two vertebral centra on which, in 1869, Mr, 
Seeley had founded Ornithopsis, and with which, as just mentioned, 
in 1870, I had identified Hucamerotus). The prior name, Ornithopsis, 
was rejected by Prof. Owen, substantially, as he is careful to ex- 
plain, because he deemed it misleading*. Since, however, Orni- 
thopsis (opts and ds) merely expresses bird-likeness, and in their 
peculiarly light construction, lateral openings, and large-cancellated 
tissue, the trunk-vertebree do exhibit such a likeness, I have not felt 
myself warranted in abandoning the prior name for the newer 
Bothriospondylus. 

The side and front view of this fine centrum (28632), in pl. viii. 
of Prof. R. Owen’s Monograph, give a good idea of the form and 
the position of the lateral opening into the side chamber, and of 
the general character of the cancellous tissue; but the artist has 
very imperfectly displayed the beautiful arrangement of the large 
cells at the circumference of the ball where this begins to rise from 
the non-articular surface of the centrum. Here the cells are of very 
considerable and uniform size, their form is prismatic, the base of 
the prism is outwards, the thin edge inwards, converging towards a 
central point, and the long axis is approximately parallel to the 
long axis of the centrum. Such definite arrangement has evidently 
reference to the direction of strains. 

The cervical vertebree were long a puzzle to Mr. Fox and to 
myself. As far back as 1865 he showed me a much crushed cer- 
vical centrum, which he informed me had been determined by an 
eminent paleontologist to be the basioccipital bone. Others were 
afterwards acquired by Mr. Fox, and one by myself, most of which, 
like that first obtained, showed great flattening of the under surface 
of the centrum and great elongation. One much mutilated and 
distorted centrum was so long that even so keen-sighted and ex- 
perienced a collector as Mr. Fox, deceived by its great length, 
passed it by several times in the cliff, thinking it was a log of the 


* Monogr. Mesoz. Rept. part ii. p. 24, pls. viii., ix. (Pal. Soe. vol. for 1876). 
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fossilized wood so abundant there, and finally had it taken home 
uuder the impression that it was the long bone of a limb. A muti- 

- lated cervical centrum in my collection, which I dug out of the cliff- 
foot near Brixton Chine, is in its present worn state 12 inches long, 
and would have been originally about 2 inches longer (No. 144, 
Coll. H.) 

Its under surface is flattened, and the side is impressed by a long 

narrow pit, the bottom of which is marked with an oblique ridge. 

_I term the lateral hollow in the cervical centra a “pit,” because it 
is a wide-mouthed depression, closed at its bottom, and not in com- 

-Taunication with an internal chamber, the interior of the centrum 
being wholly composed .of large-cancellated issue. The immense 

-spaces of this are well shown in the instructive plate illustrating 
the supplement to Prof. R. Owen’s Monograph on the “ Fossil 
Reptilia of the Wealden,” issued in 1876, in which an exceptionally 
preserved cervical centrum is described under the new name of 
Chondrosteosaurus magnus*. 

Up to this time no other parts of the skeleton than presacral 
vertebree had been identified. Huge limbs or pelvic bones of forms 
commonly referred to Ceteosaurus had been obtained from the same 
bed which had yielded Ornithopsidian vertebree, but not in such close 
association with these as to warrant me in assigning them to this 
genus. JBesides, the widely different character of the bony tissue 
prejudiced both Mr. Fox and myself against such identification, 
probably, as we now have reason to think, wrongly. 

It will be remembered that in 1870 I had suggested that (Hu- 

-camerotus) Ornithopsis and Ceteosaurus owoniensis, with perhaps 
Streptospondylus Cuviert, were members of one genus (this would 
have been more correctly expressed ‘‘ of one family”) in the order 
Dinosauria, characterized by opisthoccelous trunk-vertebre bearing 
a highly complex neural arch, and having a large lateral hollow in 
the anterior part of the centrum, opening externally under the 
neurapophysis ‘. 

In July 1877 a brief notice by Prof. O. C. Marsh of some very 
large reptilian remains then recently acquired by the Museum of 
Yale College appeared to refer to a member of the above family, 
since a ‘‘ very large cavity in each side [of the centrum in the sacral 
vertebre |, connected with the outer surface by an elongated foramen 
below the base of the neural arch,” was mentioned as an important 
character. For the animal indicated by these fossils Prof. Marsh 
made the new genus Titanosaurus, T. montanust. Afterwards, 
finding Titanosaurus preoccupied, he replaced this name by Atlan— 
tosaurus, and 7’. montanus became then A. montanusS. Its femur, 
about 7 feet long, had no prominent third trochanter, but only a 
swelling in its place. 

In the meantime Prof. Cope had, out of other reptilian remains 


* Suppl. Monogr. Foss. Rept. Wealden, pl. v. fig. 2, p. 5 (Pal. Soe. vol. 1876). 
t+ Quart. Journ. Geol. Soc. (1871) vol. xxviii. p. 36. 

t Amer. Journ. Se. and Arts, vol. xiv. pp. 87, 88 (July 1877). 

§ Ibid. p. 514, Noy. 1877. 
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from the same district in Colorado, defined the genera Camarasaurus 
and Amphicelias, the species of which, mostly of surpassing bulk, 
had precaudal vertebre laterally excavated by large internal cham- 
bers as in (Hueamerotus) Ornithopsis and Adlantostur US 

Last autumn (1878) Prof. Marsh and, later, Prof. Cope saw my 
fossils, and recognized their likeness to some of the new Colorado 
Dinosaurs. A closer comparison of Ornithopsis with these was 
desirable; and for my assistance in this task both these gentlemen 
forwarded me copies of all their published papers relating to them, 
for which, as also for much valuable information respecting them 
otherwise imparted to me, I here express my sincere thanks. 

Of the Colorado Dinosaurs whose vertebrae present correspondences 
with those of Ornithopsis the following genera have been de- 
fined :— 


Prof. O. O. Marsu. Prof. Corr. 
1. Titanosawrus = Atlantosaurus. 1. Camarasaurus. 
2. Morosaurus. 2. Amphicelias. 
3. Apatosaurus. 3. Hpanterias. 
4, Allosaurus. 
5. Diplodocus. 


Professor Marsh’s five genera form a natural group or suborder in 
Dinosauria, designated by him Sauropoda, distinguished by the 
principal characters of their feet, which are plantigrade and penta- 
dactyle, having their carpalia and tarsalia distinct. The fore and 
hind limbs are nearly equal in size. The precaudal vertebre are 
opisthoccelous ; their centra contain large cavities apparently pneu- 
matic. The sacral vertebra do not exceed four, and each supports 
its own transverse process’. 

The first of Professor Cope’s three genera, Camarasaurus, has been 
identified by him with Ailantosaurus of Marsh{; but this is dis- 
allowed by Prof. Marsh on the ground of the different construction 
of the sacral vertebrae, which Marsh finds in Adlantosaurus to have 
chambered centra, those of Camarasaurus being described by Prof. 
Cope as solid$. 

Of Camarasaurus, Prof. Cope writes :—‘“ The vertebree of the cer- 
vical, dorsal, and lumbar region are all opisthoccelous, or reversed 
ball and socket. The centra of the cervicals are very elongate, but 
those which follow them diminish rapidly in length until, in the 
lumbar region, they have but a small antero-posterior diameter.” 
‘The centra of the cervicals and dorsals are hollow, and the interior 
chambers communicate with the cavity (outer surface?) of the body 
by a large foramen on each side, which is below the base of the 
diapophysis. In the cervical vertebrae it is very elongate, and ex- 
tends between the base of the parapophysis and diapophysis. In 

* Prof. EH. D. Cope, Pal. Bulletin, No. 25, August 1877 (and Proc. Amer. 
Phil. Soc. same date); and Pal. Bulletin, No. 27, Dec. 1877. 

+ Principal characters of American Jurassic Dinosaurs, by Prof. O. C. Marsh, 


parts 1, 2 (1878-9). { American Naturalist, June 1878, p. 406. 
§ Pal. Bulletin, No. 28, p. 235, July 12, 1878. 
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the dorsal centra there are but two chambers, which are separated 
by a longitudinal median septum. The neural arches are coossified 
with the centrum throughout the column ; they are extraordinarily 
elevated, and their antero-posterior diameter is small. The zyga- 
pophyses are at its summit, and have extensive articulating surfaces. 
The anterior pair are divided by a deep median fissure, while the 
posterior are united and support, as a pendant from their inferior 
median line, a hyposphen, a structure more fully described under 
the head of Amphicelias, where it 1s equally developed. When the 
vertebrae are in relation, the base of the hyposphen enters the 
fissure between the anterior zygapophyses, and maintains them in 
position. This structure is obsolete in the lumbar vertebre. The 
diapophyses...... of the dorsal vertebre are light, and concave below. 
They are supported by thin osseous buttresses, the most important 
of which are the two inferior ones. The anterior of these is much 
the most prominent, and bears the capitular articular face for the 
rib. In no case is this surface seen on the centrum; but it descends 
somewhat in the posterior vertebra, but not so low as the level of 
the neural canal. The neural spines are rather short, and are set 
transversely to the axis of the animal. The superior portion is ex- 
panded transversely, and in an anterior dorsal vertebra is widely 
emarginate above, so as to appear double’*. With Camarasaurus 
Prof. R. Owen has recently identified (generically ?) his Chondrostco- 
saurus (= Ornithopsis), from British Wealden beds, and on this 
basis has offered a reconstruction of the latter animal. It is to 
me a matter of sincere regret that the material at Prof. Owen’s 
disposal for this was limited to three centra, two very mutilated, 
from none of which was it possible to gain a true insight into the 
construction of the arch and processes. In their opisthoccelous 
form, large lateral foramen, great internal chambers, median parti- 
tion-wall, and magnicellular cancellous tissue and double rib-articu- 
lation, the dorsal vertebrae of Chondrosteosaurus, as Prof. Owen 
points out, exhibit correspondences with those of Camarasaurus & 5 
and this holds equally good with those of Atlantosaurus. Yet, 
with these correspondences, there are differences which cannot be 
quite passed over. In every dorsal vertebra of Ornithopsis known 
to me, the lateral foramen, uuless distorted by pressure, is longer 
than high. In this, Ornithopsis more nearly resembles Anphiceelias 
than Camarasaurus. In Camarasaurus the opening is figured as 
partly in the neurapophysis; this I have never seen in Ornithopsis. 
In their great elongation, and in the long narrow shape of the 
lateral opening, the cervicals of Ornithopsis (Chondrosteosaurus, 
Owen) agree with those of Camarasaurus§ ; but in Ornithopsis the 
hollow is a wide-mouthed pit, contracting towards its bottom, and 
not a linear foramen leading into an inner chamber, as Prof. Cope’s 


* Pal. Bulletin, No. 28, pp. 233-246, from Proc. Amer. Phil. Soc., Dec. 1877. 
+ Annals and Mag. Nat. Hist., 1878, vol. ii. pp. 202-215, pls. x., x1. 

+ Ibid. pp. 201-208. 

§ Owen, wt supra. 
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description implies it does in Camarasaurus*. In this latter, also, 
the upper surface of the cervical parapophysis exhibits a very cha- 
racteristic excavation, which is wanting in the known cervicals of 
Ornithopsis. These, however, might be regarded as trivial differ- 
ences, not entitled to generic rank. 

In the neural arch and processes a similar interchange of concor- 
dances and differences is observable. In Ornithopsis and Camara- 
saurus, as also in Epanteriast, the free end of the neural spine is 
expanded transversely in some of the trunk-vertebree ; but its con- 
struction is less complex in Camarasaurus, in which, too, the deep 
entering angle between its postzygapophysial roots for the attachment 
of the interspinous ligament, so noticeable in Ornithopsis, is absent. 

- A more notable difference, to which my attention has been called 
by Prof. Copez, is the bifid divergent form of the neural spine in a 
dorsal. vertebra of Camarasaurus, which, by the situation of its 
parapophysis, held a correspondent place in the vertebral column to 
that of my first vertebra (No. 144, coll. H.). Although the free ex- 
tremity of the spinous process is defective, enough is preserved to 
show that it could not have had the remarkably forked divergent 
form represented in Prof. Cope’s figure 2. 

I agree with Prof. Cope that this is a difference certainly of 
generic value. 

The presence of a supplemental articulation, comparable in prin- 
ciple to zygosphene and zygantrum, in both Ornithopsis and Camara- 
saurus, is another singular agreement in which Amphicelas also 
participates, as it does in the lateral foramen and internal chambers§. 
In both these North-American Dinosaurs the zygosphene has the 
form of an inverted wedge, and its base is represented free and un- 
attached, resembling in form and connexion the zygosphene repre- 
sented by Phillips in Megalosaurus and in Ceteosaurus oxoniensis, 
Phillips ||: but in the corresponding vertebra of Ornithopsis the 
zygosphene is a laterally compressed vertical plate, the posterior 
face of which is an oblong, from each of the lower angles of which 
the stout border of a thin sheet slants downwards and forwards 
upon the posterior margin of the corresponding neurapophysis, 
near the union of this with the centrum. The two sheets of opposite 
sides in this way form a sloping eave, which in the articulated ver- 
tebral column (when the zygosphene is received into the interpre- 

zygapophysial notch), roofs in that part of the spinal canal, which, 
owing to the relative shortness of the neurapophysis, would be 
otherwise comparatively unprotected. This also appears to me a 
difference of more than trivial value. 

Full and complete descriptions of the vertebrae of Morosaurus, 
Apatosaurus, and Allosaurus are still wanting: their discovery is 

* Pal. Bulletin, No. 28, p. 284. 


t+ Epanterias, not having chambered externally opening dorsal centra, needs 
no ites notice here. 
¢ Cope, Pal. Bulletin, No. 28; Proc. Am. Phil. Soe. pl. 1. fig. 2. 
g The centra of Amphicolias ‘being amphiccelian or platyccelian, this alone 
suffices to separate it from Ornithopsis and Camarasaurus, 
| ‘Lhe Geology of Oxford,’ p. 256, diagram 87. 
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yet so recent that sufficient time for their complete investigation 
has probably not elapsed; but from the clear, though extremely 
reduced, figures given by Prof. O. C. Marsh, I infer that in Moro- 
sawrus the cervical vertebral centrum is less depressed than in 
Ornithopsis. The same figures also show that its parapophysis had 
a conspicuous pit in its upper surface, as in Camarasaurus, Cope*. 

The side hollow appears also less narrow in the cervical centrum 
of Morosaurus, and the ridges crossing its bottom are differently 
directed from what they are in Ornithopsis. The cervical centra are 
less elongated in Apatosaurus. In Allosavrus the vertebre have 
zygosphene and zygantrum, but the centra have not side chambers. 
Only caudals of Diplodocus have been yet made known; they are 
extremely long—the combined length of four exceeded 34 inches. 
The cheyrons are peculiar. Comparison of Ornithopsis with it is 
not yet possible. 

The comparison of Ornithopsis with the Colorado Dinosaurs 
has brought out in the presacral vertebrae such noticeable concor- 
dances that a family affinity cannot be doubted; but it has also 
shown the existence of such important differences that the generic 
distinctness of Ornithopsis will, I think, hardly be disputed. In 
the main features of agreement, a significant resemblance to Ccteo- 
saurus oxwonensis 1s also discernible. 

Before long, I hope to place before the Society evidence of other 
parts of the skeleton of Ornithopsis from British Wealden beds, 
which will, I believe, greatly assist in establishing its nearest 
affinity. 


Discussron. 


Prof. Srezny stated that in giving the name Ornithopsis Hulkit 
to the two vertebre which he had studied in 1869, which were the 
only parts of this animal then known, he desired to call attention 
to the remarkable avian resemblances of the bones. ‘The large 
deep pits in the vertebrae had reminded him of the similar, but re- 
latively shallower, pits which impress the dorsal vertebrae of Gulls. 
He had regarded the character as “ bird-like,” but had neither 
stated nor believed that it justified an inference that the animal was 
able to fly; for he had regarded the type as intermediate between 
Dinosaurs, Pterodactyles, and Birds; and perhaps that conclusion 
was not so far from the truth as it might have been, considering the 
materials on which it was founded. He accepted generally the 
conclusions at which Mr. Hulke had arrived as to the nomenclature 
and relations of the British forms of Ornithopsis, but thought that 
subgeneric differences were to be detected in Prof. Cope’s American 
types. With regard to the systematic position of the group, he 
still thought there were grounds for placing the animals in a new 
subordinal division, especially in the characters of the pneumatic 
cavities which excavate the centrums; but in face of the circum- 


* Proc. Amer. Phil. Soc. vol. xvii. 
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stance that the Dinosaurian head is not avian, that the only birds 
which showed any vertebral characters in common were Penguins, 
that the fore limb was not avian, and that the avian characters of 
the hind limb were not developed in all Dinosaurs, it would be un- 
safe to infer that Ornithopsis had bird-like lungs; and he thought 
the pits might indicate a lung founded on the type of the Chame- 
leontidee, and therefore be reptilian though bird-like in form. 

Prof. Owen said, In contributing a subject for discussion I am 
sensible of the privilege of submitting it to the Society. To a 
searcher after truth no gift is so valuable as an indication of an 
error into which he may have fallen, or of a wrong direction which 
he may have taken. Such valued return I find to be so constant on 
the part of my fellow labourers Mr. Hulke and Prof. Seeley when- 
ever I venture to submit a paper to the Society, however remote its 
subject may be from that which they criticise, that I am led to look 
upon the circumstance as standing more in a relation of cause and 
effect than of accidental coincidence, and to flatter myself that I am 
not only a contributor, but a cause of contribution in others. The 
considerations involved in Mr. Hulke’s present paper are of two 
kinds, somewhat akin to those which animated the realistic and 
nominalistic disputants of old times. 

There is small likelihood of the generic term Ichthyosaurus 
being superseded by that of Proterosaurus. Yet Home’s claim of 
priority was invalidated by a much less amount of unfitness in the 
term than attaches to Ornithopsis. The vertebree of a Squalus 
maaimus, the limb-bones of an elephant, and both parts of the 
skeleton of an eagle show large unossified tracts. These, in the 
petrified state, are filled with matrix ; but the ossified portions are 
as determinable as in Chondrosteosaurus. The physical question 
therefore is, whether, in the living animal, the unossified spaces were 
occupied by chrondrine, by marrow, or by air. On the latter 
hypothesis the amazement of the beholder of the huge vertebra in- 
dicating the magnitude of the flying dragon may be conceived! 
The inferences from the chondrosal conclusion are tamer, but, in 
my mind, truer. Mr. Lucas’s discovery in the Wealden of Colorado 
of additional parts of Chondrosteosaurus amply demonstrated, as 
Prof. Cope has recognized, its generic distinction from Bothrio- 
spondylus. The neural arch of Hucamerotus, Hulke, is generically 
distinct from that of Camarasaurus, Cope; the cervical centrum of 
Camarasaurus supremus, Cope, is specifically identical with that of 
Chondrosteosaurus gigas, Owen. 

Mr. Hovtxr pointed out that the name Chondrosteosaurus, quite 
as much as Ornithopsis, was founded on theoretical considerations, 
while Lucamerotus was founded on fact. 
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59. On the Ancient River-peposit of the Amazon. By C. Bar- 
RINGTON Brown, Esq., F.G.S., Assoc. R.S.M. (Read June 25, 


1879.) 
[Puatre XXXVIII.] 


Ir is my intention to endeavour to describe in this paper the mode 
of occurrence, deposition, and general characters of a vast deposit of 
ancient alluvial matter which forms a 
great portion of the valley of the Ama- 
zon, and to deduce therefrom some facts 
regarding the deposition of detrital 
matters by this great river. 

In ascending the Amazon, one cannot 
fail to be struck by the appearance of 
lines of cliffs at long intervals apart— 
first on one hand, and then upon the 
other—which, rendered conspicuous by 
their bright colouring, form a pleasing 
contrast to the monotonous line of low 
greyish-clay river-sides which elsewhere 
meets the eye. In fact, they on the 
one hand, and a great plain of recent 
alluvium on the other, when the river 
is flowing on one side or the other of its 
present valley, are the chief features in 
the physical geography of the Amazon 
and its tributaries. 

The accompanying diagrammatic sec- 
tion (fig. 1) will explain the relative 
position of the two. 

Exceptions to the above-described 
conditions are only seen on the Lower 
Amazon at Almeyrin and Montealegré 
(where views of some picturesque scenery 
are obtained, produced by sandstone 
mountains of doubtful Triassic age), and 
at Santarem, on the Tapajos river, on 
the Trombettas river, at Parintins, 
Juruty, and Faro (where there are table- 
lands rising, in some instances, to a 
height of 460 feet above the general 
level, which are composed of beds of 
friable sandstone and clay, of grey, 
white, and reddish colours). The age of 
these last-mentioned beds has not been 
determined, owing to the entire absence 5 
of fossil forms; and it is a question whether they belong to the 
upper part of the Triassic sandstone or are of a more recent date, 
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They evidently at one time filled a great part of the valley of the 
Amazon, and can now be traced from Montealegré to Manaos, but 
are not found on the banks of the Upper Amazon, or Solimées, as it 
is usually termed. 

Both the elevated plateau of the ancient river-deposit and the 
plain are, as a general rule, thickly clothed with trees and vegetation 
of the most luxuriant description. With the exception of a narrow 
strip, in many places along the river’s edge, which is raised a foot or 
two above the water-level in time of floods, the whole of the allu- 
vial plain is at certain seasons covered with a sheet of water, pro- 
duced by the rising of the river’s surface above the level of its 
banks. On these occasions, which occur periodically, the inhabitants 
who cultivate the rich alluvial soil in the immediate vicinity of the 
river’s borders retire to the small towns, villages, and hazéndas 
built on the elevated river-deposit. 

The cliffs then seen from the river are the face-sections of an 
elevated tract of almost level country, spreading continuously along 
the course of the Amazon in both northerly and southerly directions 
for many miles, and terminating generally where the underlying 
rocky stratum, by its superior elevation, has been left untouched by 
fluviatile action. They afford the means of determining the compo- 
sition of the whole area occupied by the deposit in the vicinity of the 
Amazon ; whilst similar sections on the borders of most of the great 
tributaries give equal facilities for studying it in opposite directions. 
Their crests vary in height from levels of 10 to 160 feet* above the 
river's flood-mark, whilst their bases are generally exposed when the 
river is at a low ebb. 

From hasty examinations made in numerous places, I have, as a 
general rule, found the cliffs to be composed of layers of sand and 
clay, exhibiting every degree of false bedding, and varying greatly 
in structure and composition when traced in lateral directions. 

The sand beds are of white, red, yellow, or variegated colours, 
while the clay beds are chiefly bluish or variegated. No very coarse 
materials ever enter into their composition. Resting upon, and 
sometimes passing into, them is a homogeneous deposit of reddish © 
loam, capped by a yellow clay or a dark vegetable soil. 

In order to afford a clear idea of the structure of these cliffs, I 
here give some sections, taken in various places, the localities of 
which will: be seen by reference to the accompanying map (PI. 
XXXVIII.). The measurements of these are approximate only, as, 
owing to the often inaccessible nature of the cliffs and to the short 
time at. my disposal, exact measurements could not be taken. 

Beginning with the Lower Amazon, I give a sketch section of a 
portion of the Barreiras (cliffs) of Montealegré (fig. 2), the vertical 
scale of which is exaggerated in order to show their structure 
more clearly. 

* In my paper on the Tertiary deposits of the Amazon, in the Quarterly 
Journal of the Society, vol. xxxy. part 1, I said that the old river-deposit 
is seen in cliff-sections ‘‘ ranging from 10 to 800 feet in height.” Since that was 


written I have gone more thoroughly into the matter, and haye modified my 
views regarding its thickness. 
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Near the centre portion of the sec- 
tion, bed 2 contains layers of pinkish 
sand, and is there exceedingly false- 
bedded. At section B bed 4 is seen 
to have changed into a false-bedded 
yellow sand and clay; at C to a 
greyish-white clay; at D to a grey 
clay ; at E to a grey arenaceous clay, 
marked with curved layers of the 
same material; at F to red, white, 
and grey clay in regular layers; and 
at G to its original composition and 
colour. Bed 6 changes at B to a 
white arenaceous clay; at D to a 
white clay, striped with red layers ; 
and at F to a white sand again. 

In this portion of the cliff the base 
of the beds was not seen, but to the 
eastward it was shown by an expo- 
sure of ferruginous sandstone. 

At Obidos, however, the base of the 

deposit is clearly exposed when the 
river is comparatively low, and is 
composed of pinkish sand. This rests 
upon the soft, variegated, red and 
white friable sandstone before referred 
to, which has a slight dip in a 
westerly direction. 
_ Cavaraucu cliffs give a section in 
one place 190 feet in height ; but as 
they are the front of land rising to 
heights of over 200 feet above the 
river, I am inclined to believe that 
they are, in part at least, sections of 
the friable-sandstone deposit. With 
the exception of some 10 ft. of red and 
yellowish clay on the top, the whole 
of the section was formed of grey, 
pink, and lilac layers of arenaceous 
clay, having in it patches of red colo- 
ration, as well as thin layers of pure 
white clay. The red clay from the top having been washed down 
the face of the cliff for some distance, gave it the appearance of being 
composed of red clay in all its upper portion. 

The cliffs along the borders of the Solimées are not so high as those 
upon the Lower Amazon. The first of these, occurring at Mana- 
caparu, is 60 feet in height. It is composed of reddish and yellow 
loam, resting on sand beds in one part. Both at the base and near 
the top iron-impregnated layers of clay, forming a honeycombed 
yariety of ferruginous rock, occur ; while in another place white clay 
beds are seen resting on bright red beds. 
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Coary cliffs are composed of red loam, red clay, and sand, and 
bluish, grey, and reddish clay, in descending order. Here the deposit 
rests upon a bluish arenaceous clay, the surface of which must have 
been much eroded before the deposition of the superincumbent mass. 
The first place where this subjacent stratum is seen is near the mouth 
of the Purus river; and I am inclined to the belief that it belongs to 
the upper part of the Tertiary deposit, sections of which are seen 
further up the Solimées. In this part, however, it does not contain 
any fossil shells, but has a few layers of leaves. 

Not far above Coary are clifis called Tanacoara, where the follow- 
ing section was obtained :— 

ft. 
15 Red loam. 
20 Pink sand beds. 
1 Yellow clay. 
34 Light greenish-grey clay. 

At the upper end of this section the underlying, false-bedded, 
bluish clay makes its appearance, forming further on the full height 
of the river’s bank, with the exception of a few fect of grey clay, into 
which it seems to pass. No portion of it rises above the level of 
high-water mark of floods, which, at the time of my visit, was 40 feet 
above the then level of the water. 

The next Barreira—that of Camara Coary—is composed at its 
eastern end of 70 feet of pinkish and white arenaceous loam, upon 
30 feet of red and yellow sand ; while at its western end we find it 
made up of beds of 

Red argillaceous loam. 
‘Red and white sand. 
Yellowish sand. 


Red sand, resting upon the denuded surface of the blue clay before 
mentioned. 


At Tapera Barreiras, a little further on, this latter assumes a 
rock-like aspect, and its bedding dips eastward at an angle of 5°. 

Motun Coary cliffs differ greatly in their composition, being at 
their eastern end of red loam, resting upon beds of red sand; and at 
their western, of white sand upon white clay. Near their western 
end they are composed of red loam upon yellowish and reddish 
speckled sand, resting upon the subjacent bluish clay, which at this 
spot, where baked by the sun’s rays, has a shale-like appearance. 
Its beds have lines of deposition in various directions and in irregular 
curves. <A thickness of some 10 feet of it was seen above the water, 
which at the time stood at a level of 40 feet below its floodmark. 
It contained some portions of imbedded tree-stems, and its eroded 
surface was covered with a thin layer of hydrated sesquioxide of iron. 

About a quarter of a mile down the river, in the same barreira, 
there was a great and almost circular bay in the face of the cliff, of 
200 yards in diameter, the entrance to which was only about 
50 yards in width. This resembled somewhat the crater of a vol- 
cano, and was an instance of the prodigious power exerted by the 
river in suddenly washing down great portions of its banks. Kn- 
tering the bay in a boat, I had an opportunity of examining its side 
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sections. The deposit here consisted of grey and white sand beds 
for almost the full height of the cliff; upon them rested white clay 
with red loam on top. In the centre of the bay rose a small, narrow 
peninsula of whitish-grey sand, forming a thin peaked ridge of about 
one half the height of the cliff, and joining with the base of the cliff 
in the middle of the back of the scoop. In this sand were pellets of 
blue clay, and in some parts trunks of large trees in a semicarbonized 
state, showing that they had been imbedded for a long period. The 
washing-out of this great mass of material, of 600 feet in diameter 
by 80 feet in height, was performed mainly by the river, the current 
of which made an eddy at its edge at the foot of the cliff, and thus 
cut rapidly into the soft sand of which the latter is composed. The 
force thus exerted was probably assisted by springs of water which 
issued through the base of the sand above the bluish clay. 

Guara Barreira rises to a height of only 10 feet above flood-mark, 
and is composed of the following beds :— 

ft. in. 

0 5 Brown loam. 

11 0 Red arenaceous clay, passing into mottled red and grey clay. 
12 0 Banded red and grey clay-beds. 

30 Yellow sand. 
20 0 Light-yellow sand. 

Here the river’s level at the time was 6 feet above the lowest point 
it ever attains, and was by measurement 363 feet below the water- 
mark of the highest point it reaches in the rainy season. There is 
a constant fluctuation in the level of the river day by day ; for, even 
when subsiding gradually, it will sometimes rise a few feet, and then 
as suddenly fall again. This is owing to heavy rains in the Andes, 
or at the source of some of its large tributaries, producing a sudden 
accession of water to the main river. 

At Fonte Boa Barreiras, 60 feet in height of which was exposed, 
the following sections, taken not far apart, show a considerable 
difference in the composition of the beds of the deposit over a small 
area :— 


feet. 
( 3 Red loam. 
I 37 Red sand. 
*4 8 Yellowish sand. 
| 5 Red, pink, yellow, whitish, and variegated plastic clay. 
7 Yellow sand. 


\ 

( Red loam. 

30 4 Mottled clay. 

| Grey and red-banded plastic clay. 
Red speckled sand. 
Grey sand. 

| Yellow sand. 


A section at Jutahy Barreiras gave the followin g :— 


ft. 
5 Yellow loam. 
10 Red loam. 
1 Purple clay. 
14 Reddish-pink sand. 
30 Yellow sand. 
3r2 
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The latter rested upon the eroded surface of the bluish, arena- 
ceous, laminated clay, which dipped to the west, and enclosed a thick 
layer of yellowish sand, containing lines of clay ironstone. 

Two sections taken at Tonantins were as follows :— 

ft. 
(i 10 Red loam. 
i 4 40 Yellow sand, with layer of gravel near its base. 


5 Yellow sand, with layers of iron-clay in irregular folds. 
| 20 Pink and white banded clay of fine texture. 


( 10 Red sand and loan. 

| 35 Yellow sand. 

If. 4 20 Banded red and grey clay. 
! Blue laminated clay, qiseins thin layers of sand between the 
| 2 2 lamin, and containing imbedded leaves. 

\ Yellow laminated clay. 

In one part white sand took the place of the yellow sand; while 
in another the bluish, laminated, micaceous clay made its appear- 
ance, dipping west at a low angle. Upon its denuded surface rests 
the iron-oxide layer, along with yellow ochreous clay in yellow sand, 
with pink clay and sand above. The fine, soft, yellow ochreous clay 
is used by the natives as a pigment. 


About one mile below St. Paulo we have as follows :— 


10 feet of reddish arenaceous loam. 
15 ,, white sand, containing pebbles. 


These rest upon bluish-grey clay beds, which I consider to be of 
Tertiary age. 
At Caldeirad the section is a tolerably clear one, and is as 
follows :— 
ft. in. 
1 6 Red loam. 
12 0 Grey and motiled clay. 
11 O Reddish sand. 
12 0 Yellowish speckled sand. - 
2 O Blue clay. 
0 Grey sand. 
Blue clay. 
Grey sand. 
5 O Blue clay. 
10 O Yellowish and grey sand, stained with iron oxide. 


ho bo bo 
oo 


Having now given the details of a number of the principal cliff- 
sections on the main river, I will proceed to describe a few of those 
occurring on its tributaries, so as to show the composition of the de- 
posit in both northerly and southerly directions. 

The Trombetas does not afford any good section, as the deposit 
does not extend far up it. At Urua-tapera Point, however, there is 
a cliff 90 feet high, composed of red and purplish sand beds of the 
river-deposit, resting upon an older formation of red shale. 

On the upper part of the Rio Negro there are beds of the river- 
deposit which have been laid down by the Negro itself. The first 
set of cliffs above Caburie shows grey and mottled clay, resting upon 
yellowish and grey false-bedded sand. In the third set of cliffs there 
are but few sand beds, and the whole front is made up of clay beds. 
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The top portion is grey, mottled with red specks, resting on beds of 
grey, white, and bluish-grey clay, which are in thick beds in parts, 
or in thin false-bedded layers in others. In one place they contained 
a sort of peat, mixed with brown clay and pieces of carbonized wood. 
Thomar cliffs show 
15 feet of red loam. 
15 ,,. yellowish false-bedded sand. 

These sections are all above the flood-level, as the river was full at 
the time they were taken. 

Turning now to the southern tributaries, we find that this deposit 
is not represented upon the Tapajos, the red and yellow cliffs border- 
ing that river belonging to the sandstone formation before mentioned. 
The face of the high land above Aramanahy is sloping and tree- 
covered, and does not afford a section showing its composition ; but 
it evidently belongs to the sandstone deposit, especially in the greater 
part of its lower portion. ‘The upper part may, however, be com- 
posed of a deposit made by the Amazon when it ran at a higher 
level. In fact, the upper part of the tableland at Parentins, Juruty 
Faro, &e. may be an old river-terrace. 

I here introduce a section occurring at Porto do Aleagre (fig. 3), 
in order to show the structure of a part of the underlying strata just 
spoken of, as well as adeposit which I take to be a more ancient river- 
terrace than the one under discussion. The terrace portion is made 
up entirely of reddish, yellow, and red-mottled false-bedded sand, 
capped by red loam, the whole having a thickness of 147 feet. 


Fig. 3.—Section at Porto do Aleagre. 


A. Old river-terrace. B. Sandstone. 
3 feet red loam. 

. 144 ,, false-bedded red, yellow, and mottled sand. 
5 ,, coarse, waterworn gravel bed. 


] 
2 
3. 
4, 2%,, grey clay. 
5. 
6 
it 


5 ,, purplish and grey irregularly bedded sandstone, cemented by 
white clay. 
23.,, mottled red and white clay. 
. 24 ,, friable sandstone. 
8. 30 ,, angular and partially rounded grains of yellowish sand, 
cemented by yellow clay into a friable sandstone. 
9 4 ,, hard, whitish, pebble sandstone. 
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Upon the Madeira river the first red cliffs below the mouth of the 
Jamary, which at the time (owing to the comparatively high state of 
the river) showed only 30 feet vertically, are composed of mottled 
red and grey clay, with red clay on top in their upper half, and false- 
bedded brownish sand in their lower. The sand beds dip to the north- 
east ; and a few yards further on the clay forms the whole thickness 
of the cliff, coming down to the water-level. About the middle of 
the cliff’s front there is only 1 foot of brown sand above water, then 
comes a fine greyish-brown clay, irregularly interbedded with a 
curious light-bluish clay, which in one part contains fragments of 
unaltered leaves, and is 5 feet in thickness. Upon it lies a bed of 
grey clay 4 feet thick, and above comes 20 feet of red clay and loam. 
A few yards north-east of this these beds turn up quickly, and the 
mottled red and grey clay, commencing at the water’s level, thickens 
out, rising at an angle of 3°. It rests upon a layer of red and grey 
finely laminated clay, which runs a considerable distance with a 
thickness of about 15 feet, and then passes horizontally into red and 
grey mottled clay (fig. 4). The accompanying diagram shows the 
arrangement of these beds. 


Fig. 4.—Rough Section of Abela Cliff below Jamary. 


1. Red clay. 2. Mottled and grey clay. 


3. Greyish-brown clay. 4. Mottled clay. 
5. Brown sand. 6. Red sand and grey clay. 


Near Baetas, on the west bank of the same river, is the following 
section :— 
ft. 
5 Fine red argillaceous sand. 
4 Grey clay. 
20 Grey, white, and yellow sand. 
4 Coarse sand. 
+ Hard iron-cemented clay. 
10 Fine bluish-grey clay. 


Upon the Purus river there are many fine cliff-sections; but as it 
would take up too much space to record them all, I will merely de- 
scribe two rather striking ones, viz. that at Maniwa, some 800 miles 
up, and one at Berury, near the mouth. In the diagram of the 
former (fig.5), at a number of vertical sections through different spots, 
marked A, B, C, D, &c., we find the beds arranged as follows :— 

At Section A we have :—1. Mottled red and yellow clay; 2. Red 
sand; 3. Yellow sand; 4. Pink, red, and grey clay, alternating with 
grey sand. . 

At Section B we sce that bed No. 1 has become red arenaceous 
clay ; at D a mottled clay ; and at G a red loam. 
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- At Section B, bed No. 2 becomes 
red and pink false-bedded sand ; at D, 
red false-bedded sand ; at F to H, red 
sand. At Section C, deposit No. 4 
becomes a pink and grey clay in thin 
beds, alternating with grey and yel- 
low sand; at D it loses its pinkish 
colour and becomes grey; at F is 
grey clay and sand; at G is false- 
bedded pink clay and sand, passing 
immediately into thick-bedded, green- 
ish-grey sand and clay, to the end of 
the cliff. This last set may possibly 
belong to an older deposit. The dark- 
coloured portions at C, E, and F, in 
the upper part of No. 4, are layers 
of bluish clay, containing leaves and 
pieces of carbonized wood at C, and 
with thin layers of oxide of iron at 
their base at Hand F. No. 3 is a bed 
of yellow sand containing thin layers 
of oxide of iron. 

Of this section 51 feet vertically 
are hidden when the river is at its 
highest stage. 

The layers of iron oxide above 
mentioned have been deposited by 
water charged with that substance, 
obtained from the red ochreous sur- 
face-loam, which has percolated 
through the sand beds, and has been 
precipitated in a thin sand layer be- 
tween the blue clay and the clay of 
No. 3 beneath. 

At Hytanahan, a place further up 
the river, and at many other places 
where similar yellow sand beds are 
seen, layers of this iron-rock occur. 
They are composed of fine-grained, 
ferruginous sandstone, more or less 
compact, arranged around a nucleus 
of almost pure oxide of iron, which 
in some places assumes the form of 
botryoidal masses, and in others of 
-eurved lamin, which frequently send 
layers down into the sand beneath as 
offshoots, at right angles to the pa- 
rent mass, forming quite a network of 
fantastically arranged planes. ‘They 
vary in width from 4 inch or less to 
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5 feet. When an ordinary thick layer is left on the river’s edge— 
as is often the case, from the resistance it offers to the wearing action 
of the water and the protection it affords the clay on which it rests, 
—a dome-like pile of broken rock is left, having a formidable appear- 


_ ance, but which in reality is a very friable heap. One very curious 


form of this ironstone is seen in a clay-bed at Hytanahan, where 
it is in small, detached, smooth, hemispherical nodules, greatly 
resembling in form the iron slag from the bottom of a crucible. 

At Berury cliff, when the river stood at a level of 41 feet below 
the highest point it reaches in the rainy season, the following section 
(fig. 6) was observed :— 


Fig. 6.—-Section in the Berury Cliff, Purus River. 


t. Mottled clay. 2. Banded red and grey clay. 
3. Bluish clay, with layers of leaves. 
4, Bluish arenaceous laminated clay, probably of Tertiary age. 
The sections on the Jurua river are very similar to those on 
the Purus; and I therefore give only one section (fig. 7), which was 
taken at Gaviao Barreiras. 


Fig. 7.—Section at Gavivo Barreiras, Jurua River. 


River-deposit : Older deposit, probably Tertiary : 
1. Red loam. 6. False-bedded blue clay, containing imbedded leaves. 
2. Grey clay. 7. Grey laminated clay. 
3. Reddish clay. 8. Clay conglomerate, of masses of yellow sand and pink clay, 
4. Yellow clay. coated with crust of iron oxide, imbedded in yellow sand. 
5. Grey clay. 9. Red sand. 


I will now conclude the description of the various sections of the 
old river-deposit by recording one which occurs on the Javary at 
Santa Rosa:—10 feet red loam; 30 feet white sand. 
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This rests upon 20 feet of Tertiary clays of the Eocene for- 
mation. 

From a careful study of these recorded sections, I think it is only 
possible to arrive at the conclusion that they have been deposited by 
river-action. The absence of imbedded fossil shells, the great and 
persistent instances of false-bedding, and the non-continuity of the 
beds favour greatly the supposition that the materials of this deposit 
were produced by the wearing action of the Amazon and its tribu- 
taries, and by them deposited in their valley, as they eroded its sur- 
face, on the way to the ocean. 

Examining with attention the action of this great river on the 
line of country through which it flows, we find that as it moves on- 
ward in any one portion of its course it cuts away the materials 
composing its banks on the convex side of its bends; while at the 
same time it deposits near its opposite shore, in the concave curves, 
false-bedded irregular layers of clay and sand derived from materials 
so cut away from places higher up its course; that, owing to its 
curving course, the deepest portion, with its greatest volume, exer- 
cising the most powerful eroding action exerted by any part of its 
width is on one side, while at a distance of a few miles higher up 
or lower down it is on the opposite side. Thus slowly, but surely, 
is it widening out its present valley by encroaching on its banks in 
opposite directions. Upon the side opposite to where the current is 
the cutting-action is absent, and the water has but slight move- 
ment, allowing materials in suspension to be deposited steadily there 
upon its bottom, and gradually filling up its bed, forming a sloping 
foreshore, which is seen when the waters are low. Thus layers of 
mud and sand spread themselves out over the river’s bottom, being 
thick near that side, and thinning off towards mid-river as they come 
within the influence of the rapidly flowing current, and add to the 
growth of the level alluvial tract now being laid down by the river. 
Of course there are excepticns to this rule where the river flows in 
a perfectly straight course in the general direction, and has one or 
more deep-bed channels; but this does not affect the above-described 
general conduct of river-action ; for as the curved portions of the 
river advance they efface and destroy the straight portions, and force 
the whole to assist in the general work of destruction and re- 
modelling. The alluvial tract is below the level of the river’s 
surface in times of flood, so that it is then covered with a sheet of 
currentless water laden with sediment, which, settling down as layers 
of loamy matter, year after year, forms at last a thick covering of 
homogeneous structure. 

Thus two great works are now being performed by the Amazon 
at the same time, viz. the cutting away of portions of the deposit 
which it formerly laid down, and which is the subject of this paper, 
and redepositing the materials so obtained in a thick layer of recent 
alluvium at a much lower level. From a study of the present depo- 
sition of the recent alluvium, we learn how the older deposit was 
formed over the portion of the Amazon which J had an opportunity 


of examining. In order to describe this we must suppose there was. 
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a time when the Amazon commenced flowing over the lowest level 
portions of a great plain, which rose gradually above the sea to the 
west of the vicinity of the great Tertiary estuarine strata on the 
Javary river, and extended eastward until it reached considerably 
beyond its present limits; for it is probable that the Amazon (a 
shorter river then by 2000 miles) was one of the rivers which flowed 
from the Andes into the estuary in which the Tertiary beds were 
formed. The rocks of the plain were chiefly of comparatively soft 
materials, such as sandstane, shale, and limestone ; although in some 
parts of its borders they were of gr anite, gneiss, and quartz- Sporphyzy. 
On these substances the river ihesitin to exert its wearing action, and 
to move gradually sideways in a southerly direction in one part, and 
in a northerly in another, over the plain, cutting slowly deeper and 
deeper as it thus moved, and depositing the materials in its current- 
less portion (see diagram, fig. 8). 

By the time it had crossed its valley at any given part (see fig. 9) it 
was at a much lower level than at the side it was deflected from, and 
then, the direction of its curves becoming altered, it travelled back ~ 
to the vicinity of its starting-point at the extreme limit of its 
valley on that side (see fig. 10). There, from having cut deeper and 
deeper as it went, it has a cliff composed of materials of its own de- 
position as a limit ; while on the other side it left a cliff, D (see fig. 10), 
of the rocky strata of the plain ; and stretching from that latter cliff 
to the river’s edge is a great alluvial plain, partially submerged when 
the river is .at its highest stage. By supposing that the river once 
more recrossed its plain as in fig. 11, I think we have the conditions 
that are now in force on the Amazon in the vicinity of Monte Alegré 
and its barreiras. For if the upper portion of the higher tableland 
is composed of an old deposit of the river, it was formed under the 
conditions shown in fig. 8, and is represented in fig. 11, at B, as the 
first laid down alluvium ; while the old river-deposit is represented 
by G in the same diagram, and was formed under the conditions 
shown in fig. 10. The recent alluvium a present bordering the 
Amazon is given at I in fig. 11. 

In some places on the Amazon (at Obidos, for instance), where the 
river in its ordinary state comes only to about the level of the base 
of its old-deposit cliff, we must infer that in crossing and recrossing 
its valley it cut gradually downwards a distance equal to about twice 
its depth. There we find that the thickness of the old deposit cor- 
responds in measurement with the depth of the river, as it naturally 
should. Here, then, we have a proof that the thickness of materials 
deposited by a river is not greater than the depth of the river; and 
likewise that the strata beneath the bottom of its bed are not composed 
of alluvial matters, as we are led to believe by viewing some sections 
in geological works. By a study of river-action, as shown in dia- 
grams 8 to 10, we see that it is impossible for a river, in its non-tidal 
portion, to have deposited materials at a lower level than the deepest 
part of its bed. This can only take place near its mouth, where it 
is forming a delta, or in the case of a gradual rise of country near its 
mouth arresting its flow and converting it into a lake. In both 
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Figs. 8-11.—Diagrams illustrating ihe Action of the River Amazon upon its Valley. 
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A. Starting-point of river in transverse section. 

B. Alluvial matter deposited by river. 

C. River cutting its way into strata in direction represented by arrow. 
D, E. Country recently risen above the ocean. 
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G. Redeposited alluvium. 
H. Cliff of old deposit. 
I. Recent alluvium. 
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these cases sections of the deposit would show their origin—the delta- 
beds by their containing brackish-water shells, and the lake-beds by 
their even and regular deposition. None of the beds of the deposit 
now under consideration have been formed thus. 

Where there are no old deposits left on either side of a valley 
we know that the river, by cutting close up to the underlying rocks 
on either hand, has taken away on its return that which it laid down 
previously ; and then we find it bordered only by recent alluvium. 
This will be seen where a river flows swiftly along a narrow moun- 
tain valley, but not where it winds along a sloping plain. 

In some instances, where the river suddenly abandons its old 
course by cutting a new one across a neck of land between two 
curves, it leaves the old channel as a lake to be filled up very slowly 
with fine materials. Thus irregularities in the surface of its older 
deposit were produced, causing it in places to vary very much in 
altitude and thickness. Good examples of these old river-courses are 
to be seen in its present alluvial plain at Monte-Alegré great lake, 
at Jamunda-mouth, Sapukia, and other places. 

On the Purus and Jurua, where there are numbers of these river- 
lakes, there are instances of the rivers having cut through narrow 
necks, leaving large loop-shaped patches of still water. The ex- 
istence of these loops explains a difficulty which it would otherwise 
be hard to account for. I refer to the river passing from one side 
of its valley to the other, and leaving a portion of an older for- 
mation untouched at a higher level than its plain. We have a case 
of this sort in a patch of Tertiary clays at St. Paulo, the river having 
at one time flowed on the south side of it, while now it is on the 
north. ‘To account for this, we must look upon such a tract as the 
centre portion of a loop, which the river partially flooded in the 
seasons of high river. 

The recent alluvium on the Purus river is a grey clay upon grey 
sand; but in places where the river has cut through one of its old 
silted-up curves, left originally as a sort of lake, it is a grey loam, 
containing great quantities of unaltered leaves and tree-stems in 
thick beds. The alluvium of the Solimées is also a grey clay, upon 
which is a brownish loam; and the material being now added to its 
surface in flood-time is a greenish-brown arenaceous loam. Upon 
the old deposit this latter is represented by the red loam so fre- 
quently mentioned in the foregoing sections, which must have been 
thrown down upon the sand and clay beds in still water during 
times of flood. It is very persistent in its occurrence over the 
whole valley, and appears on the surface of the old deposit at various 
levels, from having settled down in some places in shallows, and 
in others in deep water, corresponding to the present alluvial 
lakes. 

The surface of the great valley-deposit has of course been modi- 
fied to some extent by atmospheric agencies, and is much cut up by 
small streams, which have formed gullies and ravines through it. 

Upon the accompanying map (Pl. XX XVIII.) I haye traced out 
the approximate boundaries of the old deposit and the recent allu- 
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vium, so that some idea may be obtained of the great area occupied 
by the former. The outcrop, as it were, of the underlyi ing strata is 
marked where its composition is known. 

In conclusion, I have to express a hope that by this memoir I 
have brought into notice the general action of a great river, and have 
given a correct though slight record of its work in the economy of 
Nature. 
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I. Inrropucrion. 


One of the most interesting problems connected with glacial geology 
is the explanation of the glaciation of those groups of islands which 
lie at some distance from the north-east corner of the main- 
land of Scotland. It is now almost universally admitted, by those 
who have carefully weighed the evidence, that during the maximum 
cold of the glacial period, Scotland, Ireland, and the greater part of 
England were buried underneath an ice-sheet, which moved off the 
high grounds towards the sea-level. This has been clearly proved 
by the careful mapping of the ice-markings indicating the trend of 
the old glaciers, as well as by a minute examination of the stones 
in the Boulder-clay which accumulated underneath the ice, and was 
rolled along with the onward motion of the mass. So far most geo- 
logists are agreed; but when the glaciation of the Orkney and 
Shetland Isles has been discussed, it has given rise to considerable 
difference of opinion. Doubtless this want of uniformity has been 
largely due to the imperfect evidence hitherto obtained from the 
isles regarding the direction of glaciation and the nature of the 
various superficial accumulations. There has been no systematic ex- 
amination of Shetland, or even of Orkney, with a view to determine 
these questions ; and hence the absence of reliable observations has 
given scope for some latitude of opinion, and has lkewise retarded 
the final settlement of the question. 

The group of islands to which this paper especially refers may be 
said to form a broken rampart running nearly north and south for 
a distance of about 70 miles. The isles are about 200 miles distant 
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from the Norwegian coast-line at Bergen, and about 86 miles from the 
north-east corner of Scotland. Though they are thus completely iso- 
lated from both countries, it will be shown that their physical history 
is to some extent associated with that of Scotland and Norway. 

The earliest references to the dispersion of boulders in these isles 
were made by Dr. Hibbert, who interred that “the great diluvial 
wave which swept over the low elevations of the whole of Scotland 
and England had in the latitude of Shetland a north-easterly origin, 
or, in other words, that it had a south-westerly direction” *. 

More recently certain observations on the glacial phenomena of 
Shetland were made by Mr. C. W. Peach, who visited Lerwick, the 
outskerries of Whalsey, and the island of Unst ; and at each of these 
localities he noted the ice-worn aspect of the rocks, the strie, and 
the existence of Boulder-clay tf. 

To our colleague, Dr. Croll, belongs the merit of having first sug- 
gested the probability of the North Sea being filled with ice, en- 
veloping alike the Orkney and Shetland groups of islands. This 
suggestion was first thrown out in a paper on ‘Glacial Submer- 
gence,” which appeared in the ‘ Reader’ of the 14th Oct. 1865. In 
a subsequent paper ‘‘On the Origin of the Caithness Boulder-clay”’ +, 
he pointed out that the Scandinavian and Scotch ice-sheets probably 
united on the floor of the North Sea, and thence moved northwards 
and northwestwards towards the Atlantic. He showed that in all 
probability the enormous mer de glace which pressed out on all sides 
from Scandinavia, produced, in virtue of its greater size, a slight de- 
flection of the Scotch ice, and caused it to override portions of the 
mainland. He indicated that in all likelihood both the Orkney and 
Shetland Isles were overtopped by the combined ice-sheets in their 
onward march towards the Atlantic. 

In the autumn of 1876, one of us visited Shetland with the view 
of determining the question whether the glaciation of that group of 
islands had any connexion with that of Scotland and Norway. From 
the traverses then made, it was evident that these isles had been 
glaciated by Scandinavian ice, though in certain areas it seemed as 
if a more recent local glaciation had well nigh effaced all traces of 
the original movement §. 

The rich variety of rocks in Shetland renders it a comparatively 
easy matter to determine the direction of the ice-movement; but in 
order to insure accuracy it seemed desirable to map out approxi- 

mately the areas of the respective rock-formations. During our 
leave of absence from official work in the summer of 1878, we there- 
fore returned to the isles for the purpose of accomplishing this end 
with as much minnteness as time would permit. We were induced 


* Edinb. Journ. of Science, vol. iv. pp. 85-91. 

+ Brit. Assoc. Report, 1864, p- 59. It should be remembered that Mr. C. W. 
Peach gives the magnetic rez rat | in his paper; and hence, in order to obtain 
the true direction of the ice-mar kings, due allowance must be made for the mag- 
netic deviation. 

{ Geol. Mag. vol. xvii. pp. 209 and 271. The fullest exposition of Dr. Croll’s 
views is given in ‘Climate and Time,’ chap. xxvii. 

§ Nature, vol. xy. p. 139. 
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to work out the succession of the representatives of the Old Red 
Sandstone as developed on the Mainland, as well as the relations of 
the associated contemporaneous and intrusive igneous rocks, on 
account of the important evidence which they furnish regarding the 
ice-movement. While pursuing this object, we were fortunate 
enough to discover in the Walls district a rich series of plant- 
remains in rocks which have been hitherto considered as forming part 
of the metamorphic series. The general character and physical re- 
lations of these altered rocks will be briefly described in a subsequent 
page (p. 785). 


Il. Generar Disrrisution oF THE Rock-¥oRMATIONS. 


As the distribution of the rock-formations has an important bear- 
ing on the question of the glaciation, it will be desirable to give a 
brief outline of the nature and respective limits of the various for- 
mations, so far as these have been already determined. The stra- 
tified rocks belong to two periods :—(a) the Old Red Sandstone; (6) the 
great series of metamorphic crystalline rocks on which the represen- 
tatives of the Old Red Sandstone rest unconformably. To what 
precise part of the crystalline rocks of the Highlands the metamor- 
phic series of the Mainland and the north isles belongs, we do not 
- at present presume to say*. 

There are also associated with the metamorphic series some intru- 
sive igneous rocks, and certain masses which may be viewed as pro- 
ducts of extreme metamorphism. These may probably be relegated 
to the time when the metamorphism of the ancient stratified rocks 
took place. At least some of the igneous rocks now referred to must 
be older than the basement breccias of the Old Red Sandstone, 
inasmuch as the latter in certain localities are composed of angular 
fragments of the former. 

But, further, there are abundant proofs of volcanic activity during 
the Old-Red-Sandstone period, as is evident from the great development 
of contemporaneous and intrusive igneous rocks on the Mainland. 
Similar phenomena are met with in the isles of Papa Stour, Bressay, 
Noss, the Holm of Melby, and Meikle Rooe; but the magnificent 
sections on the western shores of Northmayine justify the conclusion 
that the proofs of volcanic activity on the Mainland surpass in gran- 
deur and extent those of the other Shetland islands. 


The Metamorphic Serves. 


On the Mainland these may be grouped in two divisions, which 
are clearly marked off from each other by distinct lithological cha- 
racters. 

(a) Dark blue, green, and grey schists and clay-slates, with bands 

of quartzite and limestones. 


* For detailed descriptions of the lithological varieties of the metamorphic 
series, see Hibbert’s admirable volume on ‘The Shetland Isles,’ published 1822 , 
also a series of valuable papers by Professor Heddle on “The Mineralogy of 
Shetland,” Mineralog. Mag. vol. ii. pp. 12, 106, & 155. 
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(6) Coarse-grained micaceous and hornblendic gneiss, with asso- 
ciated limestones, bands of quartzite, talcose and micaceous 
schists. 

These subdivisions are peculiarly serviceable to the glacialist, as 
they help him to determine the different movements of the ice during 
successive phases of the ice age. The representatives of the former 
series extend from Fitful Head northwards by the Bonxie and Cliff 
Hills to Laxfirth Voe; while the members otf the gneissose series lie 
to the north-west of the area just described. They occur in the 
districts of Tingwall, Weesdale, Nesting, Lunnasting, Delting, and 
along the eastern seaboard of Northmayine. The strike of these 
metamorphic rocks is generally N. 10°-20° E. ; and though opposing 
dips are frequently met with, indicating repetitions of the strata, they 
usually dip to the north of west at high angles. Hence we have a 
gradually ascending series from the schists and clay-slates of the 
Cliff Hills to the coarse micaceous gneiss west of the vale of Tingwall, 
and the massive limestones of Whiteness and Weesdale. 

To the persistent trend of the metamorphic rocks must be ascribed 
the remarkable ridge-shaped contour of the ground in the centre of 
the Mainland. The coincidence between the trend of the strata and 
that of the parallel ridges seems to indicate a direct relationship 
between the two, the denuding agents being guided in their opera- 
tions by the relative hardness and softness of the materials exposed 
to their influence. Hence it follows that we have a series of inter- 
vening hollows running parallel with the ridges, which usually ter- 
minate seawards in long narrow voes or sea-lochs. The erosion of 
these hollows has doubtless, in some instances, been due to the 
partial removal of the bands of limestone by the chemical action of 
carbonated waters, inasmuch as the outcrop of the limestones coin- 
cides with the course of a longitudinal hollow. 

The coarse-grained gneiss of Whalsey and the Outskerries, with 
the associated limestones, is merely the prolongation of the Main- 
land series; and the same remark is applicable to the gneiss occur- 
ing in Yell. 

The structure of Unst and Fetlar is somewhat different, inasmuch 
as these isles contain well-marked zones of serpentine and gabbro, 
the distribution of which has an important bearing on the question 
of the dispersal of the stones in the Boulder-clay. In the island of 
Unst, the Vallafield ridge which flanks the western seaboard, whose 
highest elevation is about 697 feet, is mainly occupied by coarse- 
grained gneiss, dipping to the south of east at comparatively high 
angles. On the eastern slopes of the ridge the gneiss is succeeded 
by grey mica-schists and green chloritic schists, and these are over- 
lain in turn by black graphitic schists. These dark schists seem to 
form a reliable horizon with reference to the masses of serpentine 
and gabbro, as they usually crop out along the margin of the areas 
occupied by these masses and generally dip underneath them. 
Though these schistose rocks form but a narrow band from Belmont 
Bay northwards to Baliasta, they oceupy a much broader area to the 
north of the latter point, constituting, in fact, the group of hills 
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round Saxavord. They reappear again in the south-east corner of 
the island, where they cover a strip of ground about a mile in breadth 
between Skuda Sound and the ruins of Muness Castle. 

The masses of serpentine and gabbro in Unst lie in a trough 
formed by these schists. They may be said to form two parallel 
zones crossing the island from south-west to north-east, the serpen- 
tine lying to the west of the gabbro. The serpentine area is the 
larger of the two, though somewhat irregular in outline; at the 
northern limit between Baliasta Kirk and Swena Ness, the mass 
is nearly two miles in breadth, but as it is traced southwards it 
diminishes to half a mile in breadth. Another patch of gabbro is to 
be met with on the promontory east of the ruin of Muness Castle. 

It seemed to us that the serpentine has resulted from the meta- 
morphism of the gabbro. Here and there in the gabbro area, as, 
for instance, on the west side of Uya Sound, lenticular patches of 
serpentine occur, as if the transmutation had partly begun and had 
been interrupted. The gradual transition from the one rock to the 
other is well seen in the promontory on the south side of Balta 
Sound. Professor Heddle, who advocates this view, states that the 
gradual passage can be seen in hand specimens on Swena Ness. 

The structure of the northern portion of Fetlar is comparatively 
simple. ‘The central hollow coincides with a low anticlinal axis of 
black graphitic schists and chloritic schists similar to those in Unst, 
and apparently occupying the same horizon with reference to the 
gabbro and serpentine. ‘hese rocks throw off on both sides of the 
arch beds of gabbro and serpentine, forming the elevated ground 
round the Vord Hill on the east and the hills near Urie on the west. 
At Urie the serpentine which overlies the gabbro is immediately 
succeeded to the west by coarse-grained gneiss, the perfectly con- 
formable junction between the two being distinctly visible on the 
shore west of the promontory of Urie. ‘The broad mass of serpen- 
tine which stretches from the Vord Hill eastwards to Gruting Bay is 
thrown into a synclinal trough, which is nowhere deep enough to 
bring in the overlying gneiss to the west of Urie.. To the east of 
Gruting Bay occur the micaceous and chloritic schists as well as the 
graphitic schists, which contain in minor folds small patches of ser- 
pentine. 


Intrusive Igneous Rocks in the Metamorphic Serves. 


Under this heading we shall only indicate those intrusive rocks 
and those products of extreme metamorphism which are probably 
older than the Old-Red-Sandstone period. We have already referred 
to the areas of gabbro and serpentine in Unst and Fetlar; but in 
addition to these there are certain masses on the Mainland deserving 
special notice. 

Of these by far the largest is the mass of diorite occurring in the 
districts of Delting and Northmayine on the Mainland. It is up- 
wards of ten miles in length, and in places it exceeds two miles in 
breadth ; but it ought to be borne in mind that the whole of the 
area now described is not occupied by the diorite, nor is the boun- 
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dary line so uniform as we have represented. A minute examina- 
tion of this tract convinced us that the groundwork of the area, so 
to speak, is formed of metamorphic schists, which are traversed 
in all directions by large and small veins of this rock. Both the 
diorite and the schists are intersected by innumerable veins of quartz- 
felsite which were injected at a more recent date, the whole series 
of rocks forming a complicated network. 

Again, in Dunrossness, between Quendale Bay and Loch Spiggie, 
there is a mass of intrusive rock termed by Hibbert epidotic syenite, 
which is traceable northwards through the islands of Oxna, Hildasay, 
the Sandistura rocks, the Channes, and part of Papa west of Scalloway, 
to the Mainland in Bixetter Voe and onwards to Aith Voe. This 
rock varies considerably in character throughout its course ; in some 
places it is a quartz-felsite, while in the neighbourhood of Bixetter 
and Aith Voes it is a true porphyritic granite, with large crystals 
of orthoclase. There can be no doubt that it is an intrusive mass, 
because it crosses obliquely the strike of the metamorphic rocks on 
Fitful Head and the Wart of Skewsburgh ; and it is equally clear 
that the eruption was prior to the Old-Red-Sandstone period, as the 
basement breccias of that formation rest unconformably on this rock, 
and are largely made up of angular fragments of the subjacent mass. 

A similar mass of porphyritic granite occurs in Unst on the bluff 
headland of Lambaness and on the rocky promontory north of Skaw 
Bay, which likewise bears important testimony regarding the direction 
of the ice-movement. In addition to these masses there are minor 
yeins of granite, gabbro, and serpentine, some of which are indicated 
on the map. There is one fact bearing on the age of the veins of 
serpentine on the Mainland which is worthy of note ; and that is, the 
occurrence of fragments of this rock in the basement breccias of the 
Old Red Sandstone in Dunrossness. This circumstance plainly in- 
dicates that the formation of the serpentine veins in that neighbour- 
hood preceded the formation of the breccias. 


The Old Red Sandstone. 


A glance at the map will show the various areas occupied by the 
members of this formation in Shetland. Beginning with the irregular 
areas on the east side of the Mainland, the succession may be most 
readily grasped by means of the following section (fig. 1, p. 784)*. 

Owing to a series of faults which form the boundary-line between 
the metarhorphic rocks and the Old Red Sandstone, over a great 
part of the districts of Lerwick, Quarff, Conningsburgh, and Dun- 
rossness, it so happens that different zones in this vertical section 
are brought into conjunction with the schistose rocks. The true 
base of the series, however, is exposed in the neighbourhood of 


* For previous references to the Old Red Sandstone of Shetland, see Hibbert’s 
‘Shetland Isles,’ 1822; Memoirs of Wernerian Soe. yol. i. p. 162; Quart. 
Journ. Geol. Soe. vol. ix. pp. 49, 50, also vol. xv. p.413; “The Old Red 
Sandstone of Western Europe,” by Prof. Geikie, Trans. Roy. Soc. Edin. 
yol. xxviii. p. 414; ‘The Old Red Sandstone of Shetland,’ by Dr. Gibson, 


Edinburgh, 1877. 
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Fig. 1— Vertical Section of | Kast Quarff, on the hills to the north 
Old RedSandstone strata of the bay and to the south towards 
on east side of Shetland. Fladabister ; while still another loca- 

lity is met with near Loch Spiggie in 

Dunrossness. In each of these loca- 

lities the breccia varies in character 

according to the nature of the under- 
lying rock. 

‘ F In the bay west of Brenista Ness, 
: Rees ue: the SSE series of the Brenista 

Flags is thrown against the breccias 
and underlying schists by a fault 
which is traceable inland in a N.N.W. 
direction. This series consists of 
well-bedded red flags, which persist- 

; ently dip to the east till Gulberwick 

-| Lerwick Sandstones. Bay isreached. The fault just referred 
2 to, when traced inland, always throws 
the flags down against the basement- 
Rovey Head Conglo- breccia, and hence the actual super- 

a position is not satisfactorily seen in 
the neighbourhood of Brenista. Be- 

tween East Quarff and Fladabister, 

however, the one group may be seen 

Brenista Flags. resting conformably on the other; 

: and, in addition to this, we find that 
the basal breccia, which forms vertical 
cliffs on the coast-line about 200 feet 
high, thins out inland till there is 
© | Basement Breccia. only about 8 feet of breccia between 
the underlying schists and the over- 
lying Brenista Flags. In some in- 
stances the breccia disappears alto- 
gether, and the Brenista Flags rest 
directly on the schists, a fact which 
points to the gradual submergence of the area. 

Returning to the shore-section north of Kast Quarff, there is a 
gradually ascending series from the Brenista Flags to certain coarse 
conglomerates seen in a smal] stream at the head of the bay of Gul- 
berwick, which are totally different from the basal breccias already 
described. Not only are the enclosed pebbles well rounded, but to 
a large extent the stones are composed of different materials. 
These beds are traceable up the slope of the Gulberwick hollow, 
to the road between Lerwick and Scalloway, where they form crags 
on the hill face, and where they may be seen in small quarries by 
the roadside. They may be followed also across the hills north- 
wards to Rovey Head, about two miles north of Lerwick, where they 
are brought into conjunction with the schists by a fault which is 
well seen on the shore. From Rovey Head southwards to the ridge 
overlooking the head of Fitch Dale, this fault forms the boundary- 
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line between the conglomerates and the metamorphic rocks. At 
this point it dies out, and the boundary-line southwards towards 
Fladabister is formed by the basement breccia already described. 

At Rovey Head the conglomerates are thrown into synclinal and 
anticlinal folds; but eventually they dip to the south-east, and are 
succeeded immediately by grey sandstones, with blue and grey flags 
passing upwards into the series of the Lerwick Sandstones. The 
dominating members of this series are coarse grits, frequently con- 
glomeratic, with partings of fine red shales. 

In Bressay, however, these arenaceous and conglomeratic strata 
are overlain by a more flaggy series, which is more or less persistent 
till Noss Head is reached. We were struck with the resemblance 
which some of these grey flaggy bands bear to the calcareous flags 
of Orkney and Caithness containing the fish-remains ; but a careful 
search failed to bring any to light. Numerous plant-remains have 
long ago been detected, not only in these strata but also in some of 
the other groups on the eastern shore of the Mainland. 

In the peninsular tract of country which lies to the west of the 
Weesdale district there is a great series of rocks which, with the 
exception of a small tract at Melby, have been hitherto considered as 
forming part of the metamorphic series. The small strip of Old- 
Red-Sandstone rocks at Melby, measuring about a mile and a half 
in length, has been referred to by previous observers. They are 
separated by a fault from the red quartzites and shales of Sandness 
Hill; and on approaching the fault iti is observable that the beds are 
much shattered on account of this dislocation. They consist of red- 
dish sandstones with dark blue flags and shales, dipping to the east 
of south and south-east, from Sandness to near Melby. 

The great series of rocks which occupies almost the whole of the 
remainder of this peninsular tract, and which by their fossil contents 
we have proved to be of Old-Red-Sandstone age, has a somewhat 
different lithological character. Over a great part of this area the 
beds consist of grey and blue altered sandstones, with green and pale 
shales. The altered sandstones are usually traversed in every direc- 
tion by joints, which are coated with peroxide of iron; and in places 
the beds have a marked schistose character. Sometimes the sand- 
stones are converted into genuine quartzites, and the shales inter- 
bedded with them are distinctly cleaved. The strata lie in a trough 
the axis of which runs approximately from Fontabrough Voe east- 
wards by the village of Walls to the head of Bixetter Voe. On 
the north side of the syncline we have a gradually ascending series 
exposed on the coast-line from the cliffs of Sandness Hill south- 
wards towards Fontabrough Voe, the average strike of the beds 
being E. 20° N. 

We discovered the plant-remains on the hills north of Walls, and 
subsequently in quarries by the roadside east of the village, and on 
the hills between Gruting and Bixetter Voes. They have been exa- 
mined by Mr. C. W. Peach, who has kindly furnished the notes on 
the specimens embodied in the Appendix. He is of opinion that the 
plants are identical with those found in the Old-Red formation of 
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Caithness and Orkney ; and the strata in which they are imbedded, 
altered though they be, must be relegated to that period. 

This conclusion is still further strengthened by the occurrence in 
these rocks of interbedded porphyrites and tuffs ina highly altered 
form, which we detected on the headlands between Aith Ness and 
Clouster, and on the western shore south of Dales Voe, resembling 
in many respects the contemporaneous volcanic rocks to be described 
presently. Further, we are inclined to believe that the series of 
altered thick-bedded sandstones and shales which occupy the greater 
portion of this peninsular tract are on the same horizon with the 
Lerwick Sandstones on the eastern side of the Mainland. 

It is not improbable that the alteration of the strata in this wide 
area may be due to the existence of a mass of granite underneath 
these rocks. We shall have occasion to refer to the mass of granite 
in the heart of these beds in Sandsting, and to similar intrusive 
masses of Old-Red-Sandstone age to the north. The extent of ground 
occupied by these acidic rocks indicates the great volcanic activity 
which prevailed during that period; and though these are now 
isolated at the surface, it is highly probable that they may be con- 
nected underneath. 

These altered fossiliferous strata are brought into conjunction with 
the gneissose rocks to the east and north by two great faults which 
we have traced on the ground, the one running north and south, and 
the other approximately east and west. Usually the altered strata 
are terribly shattered and baked close to the lines of dislocation, 


and are likewise injected with numerous veins of very fine-grained 
felsite. 


Contemporaneous Igneous Rocks. 


In the western district of Northmavine, between Stennis and 
Ockren Head, at the mouth of Roeness Voe, there is an important 
development of ancient lavas and ashes, associated at certain loca- 
lities with ashy sandstones and red flags belonging to this period. 
The tract of ground occupied by these rocks measures about six 
miles in length, and varies in breadth from one to two miles. ‘The 
structure of this narrow tract is comparatively simple, as the strata 
form a flat syncline, in the centre of which lies coarse ash, and un- 
derneath a series of slaggy porphyrites with occasional beds of red 
ashy sandstones and flags. 

On the south bank of Roeness Voe, rather more than a mile from 
Ockren Head, in a steep grassy geo, the slagey porphyrites are 
brought into conjunction with the pink quartz-felsite by a fault. In 
Braewick Bay, west of Hillswick, the interbedded and intrusive 
igneous rocks are not found in such close proximity, the junction 
being concealed by the sandy beach; but there can be little doubt 
that the same fault runs out to sea in this bay. 

Crossing the coarse volcanic breccia, which forms the centre of the 
syncline, to Ockren Head, at the mouth of Roeness Voe, the succes- 
sive lava-flows are admirably shown, piled on each other in regular 
succession, This headland, as well as the adjacent stack, exhibit at 
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least four different lava-flows, capped by coarse ash. The lavas 
thicken and thin out rapidly, and likewise exhibit. the usual slaggy 
structure at the top and bottom of the flow. Some of these beds 
are also highly involved, and show clearly the way in which the 
partially solidified crust has been caught up and rolled over and over 
in the advancing current of still molten lava. 

We have already alluded to the porphyrites and tuffs which occur 
in the altered rocks north of Walls. We also detected a bed of lava 
in the Holm of Melby, and a thin bed of tuff associated with the 
grey flags on the east side of Bressay, opposite the north end of the 
island of Noss. The contemporaneous volcanic rocks found in Papa 
Stour have been previously described by Professor Geikie. 


Intrusive Igneous Rocks. 


In the north and western portions of the Mainland there is a 
splendid development of highly siliceous intrusive rocks, which 
occupy the most elevated ground in the island. They extend from 
a point on the north end of the Mainland opposite the island of Uya, 
southwards to Roeness Voe, culminating in the dome-shaped mass 
of Roeness Hill. Thence they cross the peninsular tract to the 
Heads of Grocken, west of Hillswick, reappearing in the slender 
columns of the Drongs. The western portion of Meikle Rooe is formed 
of the same material, and likewise the north-eastern headlands of 
Vementry, while the small area of quartz-porphyry at Melby must 
also be included in the same great intrusive series. In addition to 
the areas now referred to, there are other lenticular masses varying 
in size down to veins a few feet across, occurring at intervals from 
Mavis Grind, northwards to Roeness Yoe and Olaberry. These tra- 
verse the Northmavine diorite and metamorphic rocks alike, in- 
creasing in number and extent as they approach the Roeness mass. 

These rocks vary considerably in character ; but they all agree in 
possessing a large proportion of silica, while the felspar is usually 
orthoclase. As a rule, they are coarsely crystalline, the two pre- 
valent ingredients, quartz and orthoclase felspar, being distinctly 
crystallized, which causes the rock to assume a marked granitoid 
texture. There can be little doubt that these coarsely crystalline 
rocks must have originally consolidated under great pressure, though 
the materials under which they lay buried have been wholly re- 
moved by denudation. Further, the marked columnar structure 
which meets the eye along both banks of Roeness Voe, and from the 
Heads of Grocken to Braewick Bay, as well as along the western 
shores of Meikle Rooe, suggest the idea of a great intrusive sheet, 
forced in like a wedge between the metamorphic series and the 
members of the Old Red Sandstone long since worn away. A simi- 
lar intrusive sheet occurs in Papa Stour, as described by Professor 
Geikie, where the same columnar structure is apparent, and where 
a fragment of the once superincumbent strata is still to be seen at 
the Horn of Papa. Fortunately the intrusive nature of this latter 
sheet is placed beyond doubt, inasmuch as the pink porphyry is seen 
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Fig. 2.—Section across Northmavine from Ockren Head to Skea Ness. 
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cutting across the underlying sandstones 
y from a lower to a higher horizon. 

As the result of careful mapping of 
IN the boundaries of the Northmavine 
IY = mass, we are of opinion that the Roe- 
ness-hill plateau is a great intrusive 
sheet which forced its way upwards and 
laterally between the metamorphic strata 
on the one hand, and the members of the 
Old Red Sandstone on the other, at the 
time when the Mainland lay buried under 
the sedimentary deposits which accumu- 


RS lated during that period. It is not at all 
he im improbable that this immense mass may 
6 have been connected with the surface 
a \ 8 by pipes which traversed the superin- 
‘eB cumbent strata, and may have discharged 
val volcanic materials at the surface. 
ey g Its relations to the metamorphic series 
<3 are admirably defined. Along the east- 
as S, ern seaboard of Northmavine it forms a 
\ §$ mural escarpment about 200 feet high, 
r~  as.3 part of which is known by the name of 


<= the Biurgs. Innumerable veins of 
AN quartz-felsite branch off from the main 
mass and intersect the metamorphic 
series. Further, it sometimes happens 
that portions of the adjacent rocks are 
enclosed in the quartz-felsite, as, for in- 
stance, near Colifirth Voe, where a frag- 
ment of serpentine is caught up in the 
mass. Again, on the north bank of 
Roeness Voe, the sheet spreads over the 
edges of the diorite and metamorphic rocks 
without producing any deflection of the 
strike of the metamorphic series, as shown 
in the accompanying section (fig. 2). 

To the west of Hillswick, on the pic- 
turesque Heads of Grocken, the highly 
siliceous quartz-felsite is thrown against 
the metamorphic series by a fault, which 
is well seen on the cliffs. This fault 
passes out to sea between the little islets 
of Waterhouse Holm and the Drongs, 
and reappears in Meikle Rooe, separating 
the quartz-felsite from the diorite of that 
island. In all likelihood this disloca- 
tion is the northward prolongation of the 
eke great north-and-south fault already de- 
Sameer scribed, which brings the metamorphosed 
Lit Old-Red-Sandstone rocks into conjunc- 

| tion with the gneissose rocks of Weesdale. 


2. Pink granite and quartz-felsite, 


1. Metamorphic rocks. 
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Our conclusion regarding the Roeness plateau is strengthened by 
a consideration of the relations of the granite mass of Sandsting to 
the altered Old-Red strata of that district. This siliceous intrusive 
rock has several lithological varieties ; but away from the margin of 
the area, as, for instance, on the hills above Gruting and round 
Skelda Voe, it is an ordinary granite consisting of pink orthoclase, 
quartz, and mica. 

On the shores of Gruting Voe, at the foot of Culswick Hill, the 
junction of the granite with the Old-Red quartzites and shales 
is well seen, from an examination of which it is evident that the 
granite is intruded along the lines of bedding of these strata. The 
junction-line has nearly the same inclination as that of the quartzites, 
which dip to the north at an angle of about 20°. The two rocks 
are not strictly conformable, however; for the granite here and 
there cuts across the bedding, indicating in an unmistakable manner 
the intrusive nature of the igneous rock. The junction is a sharp 
and well-defined line, as small hand-specimens can easily be 
got, 2 inches across, including the granite and the quartzite, the 
two being firmly welded together. Near the junction of the two 
rocks the quartzites are pervaded by numerous dykes of pink felstone 
proceeding from the main mass. 

The mass of granite in the north of Delting and on the western 
shores of Sulem Voe was probably erupted during the same period 
of voleanic activity ; but the evidence is not so convincing as that 
referring to the areas already described. 

But in addition to the grand series of intrusive rocks we have just 
indicated, there is evidence to prove that even these quartz-felsites 
and granites were invaded by a still later series of dykes, of a 
basic character. Hibbert detected the existence of these dykes 
on Roeness Hill; and during our traverses in the district of North- 
mayine, Delting, and Meikle Rooe we came across many similar 
masses, varying in breadth from 2 feet to several yards. Along the 
cliffs of Roeness Voe, and in the island of Meikle Rooe, these dykes 
are strikingly exhibited, forming great wall-like masses, running 
generally in a north-and-south direction. Sometimes they project 
above the acidic rocks, while, again, they weather more rapidly, 
forming great clefts in the face of the cliff. They are fine-grained, 
and consist of a dark-green diabase porphyrite. They traverse the 
metamorphic rocks, as well as the porphyrites and tuffs, west 
of Braewick; and there can be little doubt, therefore, that they 
form the last indications of volcanic activity during the Old-Red- 
Sandstone period in Shetland. 

Close by the entrance to the Noss Sound, on the Bressay shore, 
we detected a series of necks arranged in a linear manner, which 
seem to have come to the surface along a line of fissure. Similar 
necks occur on Noss, on the opposite side of the Sound. It is 
highly probable that these volcanic orifices served merely as vents 
for the discharge of steam, with occasional showers of triturated 
materials derived mainly from the sides of the vents. The adjacent 
bed of tuff, associated with the grey flags, as well as the nature of 
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the agglomerate which now fills these necks, seems to support this 
view. 


Tid. Gractarton. 


From Sumburgh Head northwards to Hermaness in Unst, we find 
everywhere the clearest evidence that Shetland must have been at 
one time smothered in ice. The ice-worn islets along the shore- 
line, the polished and striated surfaces on the low grounds, the 
abraded and fluted appearance of the highest hills on the Mainland, 
alike point to the action of a thick mass of ice, which must have 
enveloped the isles. It is quite true that over considerable areas 
much of the evidence is obscured by a thick covering of peat; but 
wherever the peaty covering has been worn away, there are con- 
vincing proofs of that intense abrasion which we are accustomed to 
meet with in highly glaciated regions. 

Before describing the proofs of glaciation in the different islands, 
it may be well to state, as the result of our observations, that most 
of the roches moutonnées and striations indicate the movement of an 
ice-sheet across the islands from the North Sea to the Atlantic; but, 
in addition to this, there is satisfactory evidence for maintaining 
that, as the climatic conditions gradually ameliorated, the primary 
ice-movement gave place to that of local glaciers, which moved off 
the high grounds in the ordinary way, depositing their terminal and 
lateral moraines as they shrank back into the hills. 

Along the eastern seaboard of Unst the direction of the ice- 
markings varies from W. to W. 20°S. From Norwick to Harolds- 
wick numerous striz occur on the cliff-heads running W. to W.20°S., 
some of which were found on the top of a cliff 500 feet high; while 
in the southern parts of the island the average trend is W.30°S. In 
Fetlar the general direction of the striz along the northern coast, 
from Gruting Bay to the promontory of Urie, is W. 30°S., though 
they vary from W. to W.30°S. Two exceptions to the foregoing 
examples were found on the west side of the island—one on a gla- 
ciated surface of serpentine west of the promontory at Urie, running 
north and south, and the other on gneiss at the north-west corner 
of the island, pointing N.10° W. ‘These instances, however, have 
no connexion with the main set indicating the general glaciation of 
the island. 

Again, on the north-east coast of Yell the stric point W. 25°S., 
harmonizing with the direction of those found on the south side of 
the island of Unst; but on the western seaboard from Sandwick to 
the Noup of the Graveland the trend varies from W.30°-39° N. In 
spite of this variation we are convinced, from evidence obtained in 
the Mainland, that these instances belong equally to the period 
of primary glaciation. It would seem that the ice-sheet abutted on 
the eastern seaboard of Shetland with a 8.8.W. and 8.W. trend, and 
after reaching the crest of the Mainland it swung round to the 
N.N.W. and N.W. 

Along the north-west coast of Whalsey, between Skaw Taing and 
Symbister, the average direction of twenty-one instances is 8. 28° W., 
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varying, however, from 8.W. to 8. 15° W., the variation being due 
in many cases to inequalities of the ground; while on the south- 
eastern shore the trend varies from 8. 15° W. to 8. 28° W. Now it 
is apparent, on a moment’s consideration, that the direction of the 
striz would have been widely different had the island radiated its 
own ice, and had the glaciation been purely local. Both on the 
north-west and south-east shores the striz are either parallel with 
the long axis of the island or cut obliquely across it; and hence, in 
order to produce these striz, there must have been, during the 
primary glaciation, a mass of ice moving in that particular 
direction. 

In addition to this, there is evidence to prove that this island 
possessed local glaciers at a later period ; for to the north of Challi- 
setter ice-markings occur, trending N. and N.10° HK. Close by these 
later striations, numerous small moraines are seen on the gentle 
slope which flanks the central ridge in the northern portion of the 
island. 

There is, perhaps, no district in Shetland where the intense 
abrasion typical of glaciated regions is so patent asin the out- 
skerries of Whalsey. When sailing from the latter island to the 
Skerries, we were struck with the ice-worn aspect of the numerous 
little domes of rock projecting above the water. Housay, Brury, 
and Gruna may be described as large roches moutonnées which have 
been ground down, bared, and striated in a wonderful manner. 
From the top of the little hill south of the schoolhouse, one sees all 
round a succession of bare hummocks and domes of rock, destitute 
of any drift-covering, and with little vegetation, revealing un- 
mistakably the great pressure to which the islands have been sub- 
jected. In Gruna the strie vary from §.10° W. to W. 42°8.; in 
Brury, on the top of the highest hill, 8.35° W.; and in Housay, 
8.5.W. to S.W. 

A glance at the map will show that the instances now adduced 
coincide in direction with those occurring in Whalsey, and, with 
the exception of a little more southing, they agree with those 
in Unst, Fetlar, and en the east coast of Yell. In the case of the 
Skerries this south-westerly trend has a marked significance, inas- 
much as no one can possibly dispute that the glaciating agent must 
have been quite independent of the islets. It is equally clear that 
the markings are not due to the action of any local shect radiating 
from the Mainland of Shetland. Apart altogether from the fact that 
the position of the roches moutonnées, as well as a minute examination 
of the striated surfaces, convinced us that the ice crossed the Skerries 
from the north-east towards the south-west, there are other reasons 
why these markings cannot be attributed to any such local cause. 
When we come to discuss the evidence supplied by the Mainland in 
regard to the extent of the later glaciation, we shall see that there 
is satisfactory ground for maintaining that the later glaciers did not 
spread far beyond what is now the coast-line of that island. More- 
over, the direction of the later glacier movement on the east side of 
the Mainland is at variance with the trend of the strix occurring in 
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the Skerries. For these various reasons, therefore, we are justified 
in inferring that the glaciation of these outlying islets is due 
to the action of an ice-sheet originating far beyond the sphere of 
Shetland. 

On the eastern seaboard of Northmavine, in the Mainland, between 
Ollaberry and North Rooe, the general trend of the ice-markings is 
in a south-westerly direction. On the north shore of North Rooe Bay 
two sets of striz were observed—one pointing 8. 40° W., belonging 
to the primary glaciation; the other 8. 30° K., produced by later 
glaciers moving down the bay. Near Fethaland Point two sets of 
strigz were observed, which clearly prove the general movement of 
the ice during the primary glaciation, and at the same time a 
separate movement of the lower portions of the mass caused by an 
undertow. On the headland north of the fishing-station the striz 
run N.W. and N. 20° W.; while on the south side of the bay, about 
a mile from the fishing-station, the markings on the cliff-heads 
point N. 6° W., N. 10° E., N. 20° W., indicating a varying movement 
in a northerly direction. On ascending the polished slope which 
overlooks the foregoing examples, the direction is 8. 10°-35° W. 
This divergence is readily accounted for by supposing that the lower 
current moved in a north and north-west direction, while on the 
slopes of the ridge the upper current moved towards the south-west 
in harmony with the general moyement along the eastern seaboard 
of the Mainland. 

Again, in the upper part of Roeness Voe, the striz point W. and 
W. 10° N.; but on descending the sea-loch they swing round to the 
north-west, the instances near the mouth of the yvoe trending 
N. 20°-28° W. The same northing of the striz is splendidly seen 
on the area occupied by the interbedded volcanic rocks between 
Braewick Bay and Hamna Voe, the direction varying from N.20° W. 
to N.W. 

Along the highroad from Ollaberry to Mavis Grind, numerous 
instances were observed which likewise indicate a passage of ice 
from the North Sea towards the Atlantic. On reaching Sulem Voe 
from the north, the eye at once fixes on a large roche moutonnée of 
diorite, which rises to a height of 200 feet above the sea-loch, and the 
surface of which is finely polished and striated, the markings pointing 
W.5°S. And so, also, the narrow neck of land at Mavis Grind 
is similarly grooved; indeed, over the whole of the district round 
Hagrister and Islesburgh and north of Magnusetter Voe, the ice- 
worn aspect of the hills is very apparent, the smooth slopes looking 
to the east, while the rough slopes face the west, indicating the 
direction from which the ice came. 

On the eastern shores of the districts of Nesting, Lunnasting, and 
Delting there is no lack of evidence regarding the glaciation, as strize 
are plentiful, and in certain areas there is but a scanty covering of 
peat and herbage. It is difficult to convey an adequate impression 
of the singularly bare and mamillated appearance of the tract 
of ground which forms the peninsular headlands of Lunnasting. 
Bare dome-shaped hills, dotted all over with lochs, occur in the 
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tract between Dourye and Vidlon Voes; and the same features are 
apparent on the rocky promontory north of the latter sea-loch. 
Indeed, so perfect and so abundant are the roches moutonnées that 
it may be correctly described as by far the finest district on the 
Mainland for studying the effects of the primary glaciation. 

The average trend of the ice-markings in the districts now 
referred to is W.35°S., though they vary from W. to 8.W. The 
position of the roches moutonnées leaves no room for doubt as to the 
direction of the ice-movement. In Swining Voe, which lies to the 
west of Vidlon Voe, there is a gentle Boulder-clay slope on 
the east bank, and a steep rock-face on the west bank, rising to a 
height of from 400 to 500 feet. Notwithstanding this steep slope, 
the whole rock-face is splendidly glaciated ; and, strange to say, the 
striz do not run parallel with the coast-line but obliquely across it, 
the direction being nearly south-west. In one remarkable instance, 
about halfway down the voe, on a glaciated surface, which slopes 
downwards into the sea-loch at an angle of 65°, striz were observed 
which could be traced from the water-level up the rock-face at an 
angle of 25° with the surface-plane of the sea-loch. We shall point 
out presently how the dispersal of the stones in the Boulder-clay 
completely substantiates this south-westerly movement of the ice. 

The tract of country which stretches from Weesdale westwards 
to Melby and Walls presents the same glaciated aspect, though in 
many places the roches moutonnées have been much broken up by 
atmospheric waste. Nevertheless the rounded outline of the hills 
testifies to the moulding of the whole tract by ice, while the striz 
have a marked north-westerly trend, quite in keeping with the 
northing already referred to on the western shores of Northmavine. 
Not only so, but the highest ground in the centre of the Mainland 
is likewise ground down and striated. The ridge which extends 
from Weesdale hill (842 feet) to Scallafield (916 feet) reveals the 
finer lines as well as the flutings of the ice-chisel wherever the peat 
is worn away, the direction varying from W. 28°-40° N. Near the 
gap in the ridge overlooking the head of Weesdale Voe, the polished 
surfaces and striations are as fresh as if the ice had but recently 
passed away. Further, the same north-westerly trend is met with 
on the banks of Olna Voe, east of Meikle Rooe, and in the numerous 
sea-lochs opposite the isles of Papa Little and Vementry. 

In the districts of Lerwick and Quarff, on the eastern seaboard, 
there is conclusive evidence of the existence of two systems of ice- 
markings, the one set belonging to the general glaciation trending in 
a south-westerly direction, and the other set belonging to a later 
period, indicating a movement in asouth-easterly direction, produced 
by local glaciers. Indeed, so severe must have been the later gla- 
ciation in the neighbourhood of Lerwick, that most of the instances 
belonging to the primary system were well-nigh effaced by it. Both 
the abundance and the freshness of the strive belonging to the later 
system plainly indicate the power of the local glaciers in this neigh- 
bourhood; but we shall see presently that at no time were they 
large enough to override the island of Bressay. Several interesting 
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examples of cross-hatches were observed near the fort at Lerwick, also 
north of the docks, and again near the village of Sound, the older 
markings running §.W. and the newer ones 8. 40° E. to E. 40°S. 

In the long tongue of land stretching southwards from Quarff to 
Sumburgh Head, the striew belong mainly to the later glaciation, the 
direction varying from E. 29°S8. to 8. 34° E.; about half a mile from 
Boddom, however, by the roadside, some examples occur in which 
the trend is W.3°-9°N., produced by ice moving in a westerly 
direction. 

From the evidence we obtained in Bressay, it is clear that the 
south-westerly system is the one which is most prominently marked 
in that island; indeed, so abundant are the ice-markings belonging 
to the early glaciation, that some parts probably escaped the move- 
ments of the later glaciers altogether. This much is certain, that 
the local glaciers of the Mainland were only able to override the 
north-western portions of Bressay. Along the eastern coast, from 
Heogan to the lighthouse, as well as by the roadside from Cullensbro 
to Gardie, the trend varies from W.20°S8. to 8. 30° W. But on the 
slopes east of the Wart the later system points 8. 20° E. to HE. 16°S8. 

In the island of Meikle Rooe, which lies to the west of the 
Mainland, the average trend is N. 30° W.; in Papa Stour it varies 
from N. to N. 28° W.; while in Foula, the most isolated of the 
Shetland group, situated about 18 miles to the 8.8.W. of the village 
of Walls, well-marked striations were observed, running N.W. and 
W. 30°N. 

Altogether we recorded upwards of three hundred and twenty 
instances of striations in the Shetland Isles, the great majority of 
which belong to the primary glaciation. 


IV. Bourper-Cray. 


The Boulder-clay and morainic deposits confirm in a remarkable 
manner the conclusions already established regarding the double 
system of glaciation in Shetland. The rich variety of rocks, not 
only in the Mainland, but also in Unst and Fetlar, enables us to 
test the truth of these conclusions by noting carefully the distri- 
bution of the included stones and the sources whence they were 
derived. Ifit be true, as has just been stated, that the ice moved 
from the North Sea to the Atlantic during the primary glaciation, it 
naturally follows that the Boulder-clay or moraine profonde occurring 
to the west of the serpentine areas in Unst and Fetlar should con- 
tain a certain percentage of stones derived from those areas. ‘The 
very same reasoning is also applicable to the Mainland; and in order 
to show how completely the dispersal of the stones in the Boulder- 
clay substantiates this conclusion, we shall briefly describe a series 
of traverses we made in Unst, Fetlar, and the Mainland, where the 
rocks vary in lithological character, indicating the variations in the 
Boulder-clay and the distribution of the included stones. 

found Balta Sound, in Unst, this deposit is sparingly distributed, 
only occasional sections being visible on the north and south sides 
of the bay, the included blocks being almost wholly derived from the 
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gabbro and serpentine areas. Due west of the Sound, in the hollow 
along which flows the Baliasta burn, there is a considerable covering 
of Boulder-clay, the included stones being mainly composed of ser- 
pentine and dark graphitic schist, though the underlying rock con- 
sists of green chloritic schist and gneiss. Ascending the Vallafield 
ridge, the slope is found to be covered with heather and peat, and 
well-nigh destitute of drift. Where this covering has been removed, 
numerous bleached fragments of serpentine are to be found ; while 
near the top of the ridge, where the slope is more gentle, occasional 
patches of Boulder-clay are met with in which well-striated frag- 
ments of serpentine, gabbro, and black schist occur. No Boulder- 
clay is to be seen on the watershed, which reaches a height of over 
600 feet at this point ; still, where the peat is worn away, a few 
bleached fragments of serpentine are observable. 

Along the western coast, from Woodwick to Wick Bay, a narrow 
ledge or terrace intervenes between the rock-slope and the coast- 
line, which is covered with Boulder-clay more or less continuously. 
Excellent sections of it are exposed at the heads of the numerous 
geos. At Collaster it consists of a tough fawn-coloured clay, full of 
striated stones of all sizes up to blocks 2 to 3 feet long. The fol- 
lowing percentages were taken from the banks of the voe at this 
locality :— 


North side South side 

of bay. of bay. 
Gneiss and schist (underlying rock).... 53 per cent. 60 per cent. 
Serpentine (from east side of watershed) 32 a 22 9 
Gabbro 09 » 0 uh 0» 9 9 
Black schist is st iM i te 3 ie 
AY SIT HUET A Nee ean Senet ao eee 2 AS 3 ‘ 
Granite (from Lambaness) .......... il as 2 5 
NCU OT ATULC y./0 8. snc /6 donc low Paes CaN Me 1 nf 

100 100 


Tn all the sections south of Collaster, towards Wick Bay, fragments 
of serpentine and gabbro are invariably present in this deposit. 
Moreover, it is important to note that the relative distribution 
of the gabbro and serpentine stones in the Boulder-clay between 
these localities is in direct proportion to the respective areas occupied 
by these rocks on the east side of the watershed. The following are 
the proportions in the Boulder-clay sections at three localities :— 


Serpentine. Gabbro. 
North side of Collaster Voe .......... 32 per cent. 11 per cent. 
HENIILOMMINGRR rie sie rr cine sccie vce aiens« 2A “ 22 be 
‘iid a Say om RRR Sree GRRE eee Oa 22 re 26 - 


This relative distribution of the stones is not a mere accident ; 
for a glance at the map will show that to the E. and E.N.E. of Col- 
laster the serpentine occupies a much greater broadth of ground than 
the gabbro, while to the east of Wick Bay the conditions are 
reversed. Such a direct relationship is inexplicable on the hypo- 
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thesis that the primary glaciation of the island was due to floating 
ice. 

If we traverse the southern shore from Muness Castle to Belmont, 
similar evidence is obtained from the Boulder-clay regarding the ice- 
carry. Again, in the north part of the island, in the lee of Saxavord 
hill, this deposit occurs on the east bank of Burra fiord, about 
300 feet above the sea-level, where it reaches 50 feet in depth. 
The material is mainly derived from the talce-schist and quartzose 
bands which constitute the hill; but a considerable proportion of 
the stones likewise consist of the peculiar granite of Lambaness. 
Now it must be borne in mind that, ere these granite-fragments 
could have reached this position along the path-line indicated by the 
strie, they must have been transported in the moraine profonde 
across the shoulder of Saxayord hill, where it attains a height of 
800 feet ; whereas none of the Lambaness granite occurs 7n situ at 
a greater height than 150 feet. 

On the west coast of Fetlar, blocks of gabbro and serpentine, de- 
rived from the centre of the island, occur in the Boulder-clay north 
and south of Burgh Hall; while striated fragments of the same 
rocks, from Unst, are found in this deposit on the north-east coast 
of Yell. We likewise observed smoothed fragments of gabbro from 
Fetlar in. this deposit on the east coast, between Mid Yell and Basta 
Voe. 

A traverse across the district of Northmavine, in the Mainland, 
from Ollaberry on the east coast, by Hillswick, Braewick, Tanwick, 
to the Grind of the Navir, furnishes admirable opportunities for 
examining the distribution of the stones in the Boulder-clay. <A 
glance at the map will show the variety of rock-formations which 
occur along this line; and the marked lithological characters of the 
rocks fortunately prevent any possibility of mistaking them. It is 
particularly observable that the till partakes of the physical character 
of the rock-formation on which it rests, though there is also a per- 
centage of foreign stones derived from localities which lay in the 
path of the ice-sheet. The distribution of the stones in the Boulder- 
clay along this line of section places beyond all doubt that the ice- 
sheet, as it impinged on the Mainland, moved in a W.S8.W. direction, 
and as it left the Mainland it veered round towards the N.W. and 
NENW? 

The sections in the neighbourhood of Ollaberry, and along the 
road to the Pondswater loch, show that the Boulder-clay is made up 
of the underlying gneissose and schistose rocks. The deposit consists 
of a stiff stony clay, containing fragments of schists, gneiss, and 
quartz rock. None of the fragments of the diorite, nor any of the 
lavas and ashes along the western shores, occur in the Boulder-clay. 
But when the diorite area is reached, the schists and gneiss to the 
east are represented in small patches of the deposit lying in hollows 
between the roches moutonnées. Beyond the diorite-area again, in 
the lee of the ridge of the metamorphic rocks of Hillswick, one of 
the finest Boulder-clay sections to be found in the Mainland occurs. 
This section, which is upwards of 100 feet in depth, rests on grey 
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raicaceous schists, with bands of quartz-rock, which are much broken 
up immediately underneath the Boulder-clay. ‘These rocks are 
intersected by dykes of pink quartz-felsite, which are well seen on. 
the beach at the base of the cliff. The deposit is very tough and 
clayey, and quite homogeneous from the top to the bottom of the 
section ; it is likewise quite unstratified, the stones being scattered 
through the clayey matrix in an irregular manner. The lower part 
of the section is mainly made up of the underlying rocks ; but about 
halfway up the section, a percentage of stones was taken which 
yielded the following results :— 
Diorite (in situ to the east of section) .. 71 per cent. 


Felsite and hornblendie porphyry .... 17 6 

Nie imine an ey NS Ath ital aPau cer cra 6 af 

Vein orthoclase felspar.............. 4 Se 

NSISVCSUDIT IE 2) 9y.05 as At Wee ree a ae tbe 1 - 

DenpeNbUMNe A Mk ie astute aioal teas ay 1 3s 
100 


It may seem strange that none of the underlying schists are 
represented in the above percentage; but it so happened that the 
stones we selected high up in the section averaged about 4 inches 
across. In another percentage of stones measuring about 2 inches 
across, the underlying schists number about 15 per cent. The 
prominent ingredient in this section is the diorite, which occurs to 
the east of Hillswick; but it ought to be remembered that not a 
single fragment of the lavas and ashes to the west are to be found 
in this deposit. 

About two miles to the west of the foregoing locality, in the 
north-east corner of Braewick Bay, a section of Boulder-clay, 
about 12 feet high, is exposed resting on the intrusive quartz-felsite, 
containing diorite, schist, and felsite stones; while still further west, 
within the limits of the contemporaneous volcanic rocks, sections of 
Boulder-clay occur in the bays of Tanwick and Stennis, the included 
stones being dull purplish porphyrite, blocks of tuff, quartz-felsite, 
schist, and diorite. Further, along the storm-swept cliffs of the 
Grind of the Nayir, a thin deposit is traceable containing the same 
ingredients as at the localities last mentioned. The diorite stones, 
however, are comparatively rare at the Grind of the Navir; in fact 
they gradually diminish in number in proportion to the distance from 
their parent source ; and the very same remark applics to the other 
ingredients. 

We traversed the south bank of Roeness Voe from the head of the 
sea-loch to Ockren Head, where similar phenomena were observed, 
viz. the invasion of the quartz-felsite area by the diorite stones, and 
the invasion of the area occupied by the porphyrites by the diorite 
and quartz-felsite stones. Indeed the evidence obtained along these 
lines of section completely refutes the theory that these north- 
westerly strize could haye been produced by ice coming from the 
North Atlantic. 

Another traverse, from Vidlon Yoo westwards by Swining Voe 
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and across the high grounds to North Brae, indicates in an unmis- 
takable manner the direction of the ice-movement during the 
primary glaciation. In passing out of the Vidlon valley, across 
the watershed into Swining Voe, the eye readily fixes on a rocky 
ridge or, rather, a series of semi-detached roches moutonnées, which 
present their bare slopes to Vidlon Voe, in the lee of which lie weil- 
marked “ drums” of Boulder-clay, whose long axes coincide in 
direction with the trend of the striw. This deposit covers the 
whole of the gentle peat-covered slope which forms the eastern 
boundary of Swining Voe; and it contains numerous fragments of 
a band of nodular gneiss, which crosses Lunnasting in a north-and- 
south direction about midway between Lunna and Lunna Ness. 

But, further, the Boulder-clay in both the valleys draining into 
Swining Voe consists of a tough tenacious clay, full of striated 
stones, derived mainly from the underlying schists, quartzites, and 
dark hornblendic rocks ; and associated with these are fragments of 
the coarse gneiss of the promontory of Lunna and the nodular band 
already referred to. 

Now it is interesting to note that both in the Vidlon and Swining 
Voes, which lay across the path of the ice-sheet, the Boulder-clay is 
found to have the greatest development on the eastern shores; while 
the western slopes, which were exposed to the full sweep of the 
abrading agent, are finely moutonnées and striated, and well-nigh 
destitute of drift. But if we take the adjoining Colafirth and Dales 
Voes, which coincide very nearly with the direction of the ice- 
markings of the primary glaciation, we find well-marked Boulder- 
clay slopes on both sides of the sea-loch, indicating that the deposit 
was distributed more or less equally along the bottom and sides of 
the yalley. 

These features remind one very much of the familiar terraces of 
Boulder-clay in the high-lying valleys in the south of Scotland ; 
while the deposit itself is in all respects identical with the ordinary 
Scotch till. Indeed, whether we consider the resemblance in the 
mode of occurrence, or the character of the deposits in Scotland and 
the Shetland Isles, we cannot resist the conclusion that both have 
a similar origin. 

But even in the Dales and Colafirth Voes it would seem that the 
deposit steals further up the slopes, and attains a greater thickness 
on the north than on the south banks—a phenomenon which may 
be accounted for by the supposition that the ice, as it moved up the 
sea-lochs, had a greater erosive effect on the one seabank than the 
other. This supposition is confirmed by a glance at the striz-map, 
which shows that the markings are not quite coincident with the 
banks of the yoes, but cross the southern shores at a gentle angle. 

After crossing the Leas of Deal and descending the valley between 
the Duddon and Gallows hills towards Busta Voe, the boundary-line 
of the diorite is again crossed, when fragments of this rock are found 
abundantly both in the moraines and the underlying Boulder-clay. 
Not a single block of this rock, howeyer, is to be met with on the 
‘surface or in the drifts to the east of the boundary-line. 
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In the district which stretches from Weesdale westwards to Walls, 
and thence to Melby, the Boulder-clay sections furnish corroborative 
evidence of the north-westerly movement of the ice in that region. 
In the vales of Tingwall and Weesdale there is no trace of the 
altered Old-Red-Sandstone rocks which occupy the peninsular tract 
of country to the west. But as soon as the line of the great fault is 
crossed, which bounds these strata between Aith Ness and Selie 
Voe, abundant fragments of the gneissose rocks of Weesdale and 
adjoining tracts, as well as blocks of the porphyritic granite, are 
found in the Boulder-clay resting on the altered Old-Red rocks. 

Again, in the sections round the coast-line in the neighbourhood 
of Melby, the fragments in the subglacial deposit entirely consist of 
the underlying sandstones and the red quartzites and shales of 
Sandness Hill, along with some pink quartz-felsites ; but none of 
the purplish porphyrites which occur in Papa Stour are represented 
in these sections. Had the movement been from the north-west, 
then assuredly some fragments of the porphyrites would have been 
met with round Melby. Instead of this being the case, however, 
the Boulder-clay of Papa Stour contains numerous fragments of the 
altered Old-Red-Sandstone rocks from the Mainland. 

Another traverse across the island, from Gulberwick to West 
Quarff, reveals phenomena no less remarkable. On the slopes of the 
hills above Gulberwick, fragments of the red flags of Brenista and 
grits are met with; and they also occur in some patches of Boulder- 
clay near the head of the burn draining into the bay at Kast Quarff. 
On the west side of the watershed the Sandybanks burn is reached, 
which flows into Cliff Sound about a mile and a half to the north of 
West Quarff. In this hollow there is a deep covering of Boulder- 
clay, attaining a thickness near the farmhouse of 20 feet. Following 
this burn to its source, the deposit is found to consist of tough 
tenacious clay, with well-scratched stones, many of which consist of 
grit, red sandy flags, and shales of Old-Red-Sandstone age, associated 
with grey schists derived from the underlying rock. But further 
along the western seaboard, between the mouths of Sandybanks burn 
and West Quarff, similar phenomena are observable. Where this 
stream enters the sea, large blocks of the Lerwick sandstones and 
well-rounded conglomerates, measuring 2 feet across, were met 
with both in the Boulder-clay and on the surface. A hundred 
yards to the south of this locality fragments of the Brenista flags 
appeared, and became more numerous as we followed the coast-line 
southwards. Not far from West Quarff blocks of the basement 
breccia were met with, associated with fragments of the Brenista 
Flags and Rovey-Head conglomerates, in the thin coating of 
Boulder-clay on the slope and on the shore, 

We have already indicated the relative areas occupied by these 
subdivisions of the Old-Red-Sandstone rocks between Rovey Head 
and East Quarff, for the special purpose of showing the analogous 
distribution of the stones in the Boulder-clay on the western 
seaboard. ; 

On referring to the map it will be seen that the members of the 
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Old-Red-Sandstone occupy the strip of low ground from Levenwick 
southwards by Loch Spiggie to Quendale bay. Now from Channer- 
wick southwards along the hill-tops to the Wart of Skewsburgh 
(854 feet), smoothed blocks of the red flags, varying from 2 inches to 
a foot across, are to be found in those places where the peat has 
been worn away. ‘These blocks are readily detected on the top of 
Skewsburgh hill, in spite of their being bleached by the peat. 

Further, if we cross from Channerwick to the west coast, and 
traverse the coast-line from Maywick to Loch Spiggie, numerous 
blocks derived from these areas are likewise met with. In the 
hollow which runs south from Maywick to Bigton, striated blocks 
from the red flags are strewn on the eastern slope overlooking the 
valley, the largest of which have been used as building-material by 
the villagers of Maywick. Again, on the hill-slope about a mile 
east from Bigton, blocks of flaggy sandstone are very numerous ; and 
they likewise occur very abundantly in the Boulder-clay on the top 
of this hill. On both sides of Bigton Bay, the sections of Boulder- 
clay contain numerous fragments of red flags, though the majority 
of the stones are made up of the underlying schists. Close to the 
point where the sand-bar joins the island of St. Ninians to the 
Mainland, a similar admixture of stones, derived from the red flags 
on the east side of the island, is to be seen in the Boulder-clay 
underneath the blown sand. And so, too, southwards towards Loch 
Spiggie, wherever patches of Boulder-clay have escaped denudation, 
the same phenomena are observable. 

Again, on the slope of Fitful Head, at a height of 800 feet 
by aneroid measurement, there are small patches of this deposit, in 
which we observed smoothed stones of syenite and coarse grits im 
situ to the east; while on the hill-top (929 feet) blocks of syenite 
were noted, which must have been carried up the slope. These facts 
unquestionably point to the same westerly flow of the ice; but at 
the base of the slope, along the margin of the syenite area, there is 
an excellent section of morainic stony clay, in which blocks of 
schist, syenite, and Old-Red grits are commingled. This deposit is 
evidently the product of a later glaciation, when the Fitful Head 
shed its own glacier, and when the detritus which had accumulated 
on the slope during the primary glaciation was rolled downwards to 
the low ground at the foot of the hill.” 

From the evidence now adduced it cannot be doubted that, during 
the primary glaciation, the great mer de-glace crossed the Mainland 
from the North Sea to the Atlantic. We might have multiplied the 
evidence considerably by referring to the Boulder-clay distributed 
over the other islands; but we haye confined our observations 
to those lines of section where there is the greatest variety of rock- 
formations, in order to show both the strength and harmony of the 
evidence. re leaving this division of the subject, we ought to 
state that, though we carefully searched the numerous sections of 
Boulder-clay in the different islands, we found no traces of shells in 

the deposit. 


There are certain phenomena still to be disoussed, which indicate 
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the gradual retreat of the great ice-sheet when this northern archi- 
pelago was no longer influenced by the ice-sheets of adjoining 
countries, but nourished a series of local glaciers which deposited 
their moraines as they shrank back into the hills. 


VY. Morarnic Deposits BELONGING To THE LATER GLACIATION. 


On referring to the strie-map, it will be seen that numerous 
instances occur along the east coast of the Mainland, from Lerwick 
to Dunrossness, running in a §.8.H., 8.H., and E.S8.E. direction, the 
trend being affected by certain local influences. Now, along this 
tract there is an irregular covering of a loose morainic deposit, passing 
into an ordinary Boulder-clay, resting on the areas of the Old Red 
Sandstone, and containing fragments of the schists from the Cliff 
Hills, along with the stones derived from the underlying formation. 
These sections are exposed on the shore between Lerwick and Rovey 
Head, in the Clickamin bay, Wick Sound, Gulberwick Bay, and in 
the Old-Red-Sandstone areas from Sandlodge to Boddom. After a 
careful examination of these sections, we felt convinced that 
the small fragments of blue and grey schists occurring in the 
Boulder-clay and morainic matter have been derived from the hills 
which extend from the Wart of Skewsburgh northwards by Scallo- 
way to Dales Voe. It has been already shown that these schists 
and clay-slates form the highest ground between Dunrossness and 
Dales Voe north of Lerwick; and the occurrence of fragments of 
these rocks in the drift along the eastern seaboard points merely to a 
local radiation of the ice, after the great mer de glace that overflowed 
Shetland had melted back and was no longer confluent with the 
small glaciers that lingered on during the later glaciation. 

That this is the explanation of the foregoing phenomena seems 
still more likely when we examine the eastern sea-board of North- 
mavine between Colifirth Voe and Fethaland Point. At certain 
localities, in the narrow strip occupied by the metamorphic rocks, 
we found similar deposits mainly made up of the débris of the 
underlying rocks, but likewise containing stones derived from the 
Roeness plateau. These sections occur on the north bank of Coli- 
firth Voe in the North-Rooe bay; and again round the Fethaland 
fishing-station and in the Sand Voe. Now from Colifirth Ness 
northwards to Calsta extends a well-marked ridge parallel with the 
Biurg range, against which the local glaciers abutted, which were 
shed from the Roeness plateau. A similar ridge runs from North- 
Rooe Bay to Fethaland, culminating in the Lanchestock hill (416 
feet). These ridges deflected the later glaciers, and caused them 
to mové southwards into Colifirth Voe, and northwards into North- 
Rooe Bay and Sand Voe. Here and there, however, where the ice 
must have been heaped up, it streamed across the lower portions of 
the ridge flanking the sea. From the configuration of the ground 
it is apparent that the Roeness plateau must have shed its largest 
glacier in the direction of North Rooe. Hence it follows that only 
at certain localities reached by the local glaciers are fragments of 
the quartz-porphyry to the west associated with the schists in the 
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drifts. The same remarks are applicable to the erratics of pink 
granite and quartz-felsite scattered over the surface between Fetha- 
land and Colifirth Voe. 

These accumulations were in all probability extruded at the 
snouts of the local glaciers when the great mer de glace had melted 
away from the immediate vicinity of Shetland. This is rendered 
all the more likely from the number of striated stones in the deposit, 
and its tolerably coherent nature, differing somewhat from the loose 
débris of the ordinary surface-moraines. But, in addition to these 
later deposits, there is abundant evidence to show that when the hill- 
tops had emerged from the icy covering which so long held sway 
during the primary glaciation, the severe frosts which prevailed 
caused an accumulation of blocks and rubbish on the surface of the 
attenuated glaciers. In course of time, as the glaciers melted back, 
loose heaps of rubbish were laid down, sometimes as isolated 
mounds, but frequently in concentric lines indicating pauses in the 
retreat. 

As might be expected from the size of the valleys and the limited 
elevation of the hills, the moraines are not large; but they are 
nevertheless very abundant; indeed there are few of the im- 
portant valleys draining a mass of high ground which do not contain 
well-marked groups. They consist of loose débris with angular and 
Subangular stones; and in some cases the deposit 1s merely an as- 
semblage of small stones without any matrix. Numerous examples 
occur, however, where the heaps show distinct traces of stratifica- 
tion and the stones are somewhat waterworn. 

In a small yalley about two miles in length, draining the east 
side of the Bonxie hills and flowing into the bay below Connings- 
burgh, a fine series of moraine heaps occurs, displaying the usual 
concentric arrangement. ‘They vary in length from 5 to 10 feet; 
and numerous blocs perchés of the Bonxie-hill schists rest on the 
mounds. . 

In the district of Delting, moraines are to be found in the main 
valleys and round the heads of the larger sea-lochs, as for instance 
the Dales, Colifirth and Swining Voes on the east coast, and near 
Voe, North Brae, and Voxter on the west coast. And so also on 
the banks of Vidlon and Dourye Voes in Lunnasting, similar de- 
posits are seen resting on the Boulder-clay. We frequently observed 
that the moraines became more numerous where two or more 
valleys converge at the head of a sea-loch, which is just what might 
be expected when the tributary glaciers must have coalesced at 
this point. At the head of Swining Voe two streams join the sea; 
and at the point where the valleys converge a well-marked series of 
concentric mounds is met with. The dividing ridge is strewn all 
over with innumerable moraines, doubtless the lateral moraines of 
both glaciers; and in the various burn-sections the morainic drift 
is found to rest on the Boulder-clay. The evidence derived from the 
disposition of these mounds shows clearly that at the time they were 
deposited the glaciers did not fill the valleys to any great extent, 
neither did the trunk glacier extend very far down the yoe. 
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Tho scarcity of striz produced by the later glaciers in the district 
of Delting, when compared with their great abundance on the east- 
ern seaboard, near Lerwick, is deserving of note ; but their absence 
is doubtless due to the fact that the glaciers slipped forward over a 
terrace of Boulder-clay which effectually buried the underlying 
rocks, 

Abundant moraine heaps with enclosed tarns and innumerable 
blocs perchés were also observed between Colifirth and Sand Voes, 
and in the valleys draining into Roeness Voe, and likewise in the 
districts of Weesdale and Sandness. 

The islands of Unst, Yell, Whalsey, and Bressay nourished a 
similar series of local glaciers, as is evident from the moraines now 
strewn on their slopes. In the morainic deposit found on the north- 
western shore of Bressay, near Heogan, while the great majority 
of the stones consist of grits and liver-coloured quartz rocks belong- 
ing to the Old Red Sandstone, there is also a considerable number 
composed of grey schists, which we identified as belonging to the 
hills round the head of Dales Voe in the Mainland. This deposit 
resembles in every respect the sections occurring in the opposite side 
of the Sound near Grimmester, and again in the bays between 
Lerwick and Brenista. It is clear therefore that this deposit 
points to the advance of the local glaciers of the Mainland; they 
must have been powerful enough to cross the northern portion of 
the Sound, and to override the north-western part of Bressay. We 
searched carefully for traces of this more recent deposit in other 
parts of Bressay, but failed to discover them. The evidence in proof 
of the existence of local glaciers in the neighbourhood of the Wart 
at the south end of the island seems to indicate that their further 
advance would be checked on this account. We may well believe, 
therefore, that as the local glaciers of the Mainland streamed into 
the Sound, they were met by the small sheets of ice shed from the 
Wart, and thence moved southwards along the path of least resist- 
ance. 

VI. Enratics. 


From an examination of the numerous boulders scattered over 
the Mainland and the other islands, it is evident that their disper- 
sion belongs to two distinct periods of glaciation. We saw none 
which cannot be satisfactorily accounted for by the double system 
of #laciation already established, without invoking the aid of coast- 
ice or icebergs. 

Along the slopes of the Vallafield ridge in Unst we observed nu- 
merous blocks of serpentine, some of them measuring 5 feet across, 
which were dispersed during the primary glaciation. In the Main- 
land they occur in dozens on the rocky plateau of Roeness, on the 
diorite area north of Mayis Grind, and on the rocky headlands of 
Lunnasting. 

In the valleys draining the eastern slopes of the Rocness plateau, 
and in the low hills between Colifirth Voe and Fethaland, blocks of 
pink quartz-felsite are strewn, sometimes on the moraine heaps, cn 
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roches moutonnées, or on the drift-slopes, all of which were distri- 
buted by the later glaciers. 

Again, boulders of the Northmavine diorite are scattered over the 
low ground between Hillswick and the Grind of the Navir, while 
blocks of metamorphic rocks were carried by the great mer de glace 
and the later glaciers from the Leas of Deal and the surrounding 
heights onto the diorite area of Busta Voe. ‘The peculiar band of 
nodular gneiss on the promontory of Lunna has supplied boulders 
which can be followed westwards towards the head of Swining Voe, 
and the ridge overlooking Dourye Voe, in harmony with the pri- 
mary ice-movement. 

West of Weesdale, blocks of the porphyritic granite in Bixetter 
Voe, as well as boulders of gneissose rocks from the Weesdale hills, 
are strewn over the area occupied by the altered Old-Red-Sandstone 
rocks; while boulders of the Sandness-hill quartzites have been 
borne seawards to Melby. 

Perhaps the most interesting series of erratics occurs on the ridge 
of high ground which extends from Scalloway to the Wart of 
Skewsburgh, where small blocks of the Brenista Flags and the Ler- 
wick Sandstones, varying from a few inches to a foot across, are 
exposed in places where the peat has been worn away. ‘These have 
been carried from lower to higher levels ; indeed they have been 
carried to the tops of the highest hills along this tract. We have 
already incidentally referred to this remarkable fact, and to the 
occurrence of similar blocks in the Boulder-clay on the west coast, 
and as erratics on the slopes of the hills. Those which are found 
on the western sea-board are much larger than those on the hill- 
tops, as they sometimes measure 3 feet across ; many of them still 
show ice-markings. We believe that their occurrence in the drifts 
on the west coast and as erratics on the hill-tops is due to the same 
cause, viz. to the westerly movement of the great mer de glace, which 
was powerful enough to override the watershed. 


VII. Fresawater Locus anp Vors. 


The freshwater lochs abound chiefly in the Mainland; and in 
certain districts they occur in great numbers. They are due either 
to the irregular deposition of the Boulder-clay or moraine-matter, to 
hollows in the peat, or to rock-basins which have been eroded by the 
ice. Indeed they are so abundant in some of the rocky districts 
as to recall portions of the north-west of Sutherlandshire. At 
present we are only concerned with those which occupy rock-bound 
hollows, and which are the result of glacial erosion. 

These occur most abundantly on the rocky plateau of Roeness, in 
the diorite-area of Northmayine, on the rocky headlands north and 
south of Vidlon Voe, and in the district of Walls. In each of these 
localities the sheets of water, with certain exceptions, fill eroded 
hollows in the rocks; and, from the manner in which their rocky 
margins are grooved and polished, from the freshness of the roches 
moutonnées which encircle them, there can be little doubt they haye 
been eroded by the ice during the general glaciation. From one of 
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the hills north of Magnusetter Yoe, in Northmayine, we counted 
about twenty small lochs in the heart of the diorite-area. 

On the promontory of Lunnasting they likewise occur in great 
numbers, varying in size from basin-shaped hollows to lochs more 
than a mile in length. Their long axes coincide with the strike of 
the underlying gneiss; but, owing to the scooping-agent haying 
crossed the lines of stratification nearly at right angles, their out- 
lines are very irregular. Similar strike-basins are to be found on 
the promontory between Vidlon and Dourye Voes; and from the 
manner in which they are hemmed in by roches moutonnées on every 
side, it is impossible to resist the conclusion that they are due to 
ice-action. ‘lhe lochs now referred to must have originated during 
the primary glaciation, because there is no evidence that the later 
glaciers ever overflowed the headlands of Lunnasting. 

The voes or sea-lochs are among the most interesting features of 
the Shetland Isles ; and the question of their origin is not free from 
difficulty. Flowing, as they do, for miles into the heart of the country, 
it sometimes happens that only a narrow isthmus is left to prevent 
the waters of opposite shores from uniting. Yell is nearly bisected 
by the Whalefirth and Reafirth Voes; and a submergence of a few 
feet would separate Northmavine from the Mainland, and allow the 
waters of Sulem Voe to flow westward into St. Magnus Bay. 
Sometimes the voes are flanked by gentle slopes of Boulder-clay, as 
we have frequently indicated; at other times they are bounded by 
steep walls of rocks, as in the well-known Roeness Voe. Many of 
the most characteristic sea-lochs lie along the line of strike of the 
metamorphic rocks, of which the Weesdale, Stromness, Whiteness, 
Dales and Laxfirth Voes may be cited as the best examples; but 
there are others which have no connexion with the lines of stra- 
tification. As a rule, they are found to merge into narrow valleys 
draining the high grounds, the width of the voes being in direct 
proportion to the size of the valleys. This relationship would seem 
to indicate that these narrow fiords are submerged land-valleys 
which existed long before glacial times. In the course of our tra- 
verses in Shetland, we heard frequent testimony pointing to the 
conclusion that the ridge-shaped contour which is so prevalent in 
the Mainland, Yell and Unst, likewise extends along the sea-bottom ; 
and it is highly probable that it isdue to the same cause in both 
cases. If this be true, then these fjord-valleys may have been 
carved out by the ordinary agents of denudation when the floor of 
the sea which now surrounds Shetland formed dry land. Both 
in Scotland and along the east coast of England the evidence de- 
rived from buried river-channels would lead us to believe that these 
countries stood at a higher level in preglacial times than they do 
now; and we may well believe that Shetland shared in the same 
continental conditions. ‘The absence of shells in the Boulder-clay 
seems to strengthen this conclusion. 

At any rate the agents of denudation would be guided in their 
operation in a large measure by the strike of the metamorphic 
rocks; and if there was a wide area of land round what now 
constitutes the Shetland archipelago, they would accomplish greater 
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results, as the size of the rivers would be in proportion to the area 
of drainage. We have seen also that some of the voes and inland 
valleys coincide with the outcrops of bands of limestone, the ero- 
sion of which would be aided by chemical agencies. 

There can be no doubt, however, that the sea-lochs in Shetland 
were deepened by ice-action during the primary glaciation; indeed 
numerous instances have been cited in this paper where the great 
mer de glace took advantage of the existing hollows in crossing 
the island, This produced, in certain instances, fjord-basins, of 
which we shall adduce two examples. The soundings given in 
the Admiralty chart show that Sulem Voe, which is one of the 
largest of the sea-lochs in the Mainland, measuring upwards of 
seven miles in length, varies from 10 to 15 fathoms in depth 
between Foula Ness and the mouth of Voxter Voe. Beyond 
the latter point, however, to the head of the yoe, the depth 
suddenly increases to 21 and 25 fathoms. This increase of 60 
feet in depth at the head of the sea-loch is doubtless due to the 
intense abrasion caused by the ice as it impinged on the rocky 
isthmus of Mavis Grind. We have already pointed out how dis- 
tinctly the east face of this narrow isthmus has beer polished and 
striated ; and this fjord-basin helps us to realize still better the ero- 
sive power of this agent. Still another instance occurs in Roeness 
Voe; for at the bend north of Urie Firth the depth varies from 102 
to 138 feet, while about two miles further down the loch shallows 
to 42 feet. 

There is one peculiar feature connected with these voes which may 
be dismissed in a few words. It frequently happens that spits 
of gravel are thrown up by tidal action near the head of the sea- 
loch. These banks are seen in all stages of formation in Shetland, 
sometimes extending a third, a half, or nearly the whole of the way 
across the loch. Ultimately the voe is crossed by a continuous 
bank of gravel which isolates the upper part; and this isolated 
portion is converted into a sheet of brackish water. 


VIII. Concttston. 


1. Summary of the Evidence regarding the Primary Glaciation — 
We must now, very briefly, recapitulate the evidence regarding 
the primary glaciation of Shetland, in order to show the conclusions 
which may be justly drawn from the facts, and also to determine 
the relation which the glacial phenomena of these isles bear to the 
glaciation of Norway and Scotland. 

Tt has been shown that in the islands of Unst, Fetlar, Whalsey, 
the Outskerries, Bressay, and along the eastern sea-board of the ~ 
Mainland and Yell, there is one uniform system of ice-markings 
trending W.S.W., 5.W., and in some cases 8.8.W.; while in the 
western districts of the two lattcr islands, as well as in Meikle 

2ooe, Papa Stour, and Foula, the strie swing round to the N.W. 
and N.N.W. From a careful examination of the striated surfaces 
and the Stossseite of the roches moutonnées, it is evident that the 
agent which produced them must haye crossed the islands from 
the North Sea to the Atlantic. Fortunately this conclusion is 
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placed beyond all doubt by the distribution of the Boulder-clay, as 
well as by the dispersal of the stones in this deposit. On the 
western sea-board of Unst the Boulder-clay contains fragments 
of serpentine, gabbro, and graphitic schists, all of which occur 
am situ on the east side of the Vallafield range. Moreover the rela- 
tive distribution of the serpentine and gabbro stones in this deposit 
on the western shore is in direct proportion to the relative areas 
occupied by these rocks to the east of the watershed. It follows, 
therefore, that the agent which glaciated Unst must have crossed 
the watershed, carrying the bottom-moraine up the slope, and 
depositing it in the lee of the range. In Fetlar, blocks of gabbro 
and serpentine are likewise found in the Boulder-clay on the west 
coast ; while along the east coast of Yell, blocks of gabbro occur in 
this deposit which have been brought from Unst and Fetlar, testi- 
fying alike to the same westerly movement. 

The evidence derived from an examination of the Boulder-clay 
sections on the Mainland is equally conclusive; for it matters not 
whether we cross the northern, central, or southern portions of the 
island, we are compelled to admit that the ice-flow during the 
. primary glaciation must have been towards the Atlantic. In the 
central part of Northmavine it has been clearly proved that the 
Boulder-clay partakes of the physical character of the rock-forma- 
tion on which it rests, while a certain percentage of the stones is 
derived from localities which lay in the path of the glaciating 
agent. Abundant evidence has been adduced to show that the 
quartz-felsite area between Tanwick and Roeness Voe has been in- 
vaded by the diorite stones, while the area occupied by the bedded 
porphyrites has been invaded by the quartz-felsite and diorite 
stones. Moreover it is particularly observable that the blocks de- 
rived from the successive areas occupied by these rocks, which are 
present in the Boulder-clay, diminish in number in proportion to 
the distance from their parent source. 

Again, in the long tongue of land which stretches from Scallo- 
way southwards to Fitful Head, blocks of the Old-Red-Sandstone 
rocks occurring on the eastern sea-board are found, not only on the 
tops of the highest hills, but also in the Boulder-clay on the western 
shore. Moreover the distribution of the fragments of the Lerwick 
Sandstone, Brenista Flags, and basement-breccia in the Boulder- 
clay north of West Quarff is in perfect harmony with the relative 
areas oecupied by these subdivisions of the Old Red Sandstone 
south of Lerwick. The same relationship holds true in the district 
between Maywick and Fitful Head. It is clear, therefore, that the 
elaciating agent must haye overflowed the watershed, as we found 
to be the case in Unst. 

2, Insufficiency of Lecbergs or Coast-ice to account for the Phenomena. 
—Perhaps some may attribute the numerous striated surfaces, as well 

as the Boulder-clay, to the action of icebergs or coast-ice on a sink- 
ing area; but a little consideration will show that either of these 
causes is quite inadequate to explain the phenomena. We have 
shown that over the whole of Shetland the glaciating agent must 
have conformed to the inequalities of the surface, descending into 
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the smallest hollows and overflowing the projecting knobs of rocks, 
indicating in an unmistakable manner that the agent must have 
pressed steadily and firmly over the whole area. °N ay, more, the 
islands have been grooved and striated in one determinate direction, 
while rocky slopes have been likewise abraded; and from the 
manner in which the strize run obliquely up the hill- face, it is evident 
that the agent must have ascended the slopes, and ultimately over- 
flowed the high grounds. Now it is hardly necessary to point out 
that neither “coast- -ice nor icebergs are capable of producing such 
results as these. It is impossible - to conceive that icebergs or coast- 
ice could press steadily on a wide archipelago like Shetland, so as to 
plane down the inequalities on the surface; far less could they 
produce this uniform system of striation. We may well ask, by 
what means could floating ice or coast-ice ascend a rock-slope 
several hundred feet high, leaving at the same time indelible im- 
pressions of the upward movement ? Such an cccurrence would be 
a physical impossibility. 

~ Again, the phenomena of the Boulder-clay are quite at variance 
with the floating-ice theory ; for if this deposit be due to the drop- 
pings of icebergs or coast-ice, then assuredly it would have been 
more or less stratified ; whereas, from one end of Shetland to the 
other, the Boulder-clay, with but few exceptions, is quite amor- 
phous. If it be really a marine deposit, how could it possibly par- 
take of the characters of the rock-formation on which it rests, and 
how could the relative ingredients diminish in number in propor- 
tion to the distance from their parent source ? 

Further, the occurrence of blocks in the Boulder-clay on the 
western sea-board of Unst and the Mainland, which must have crossed 
the watershed to reach their present position, is still less explicable 
by this hypothesis. For if the high grounds of Unst or the Main- 
land were submerged so as to allow a free passage for icebergs in 
their westward career, where are the areas of gabbro, serpentine, or 
Old Red Sandstone which could have supplied the materials found 
in the Boulder-clay ? Even if we suppose that ice rafts drifted off 
the eastern sea-board laden with such materials, we must suddenly 
invoke a special subsidence of several hundred feet at least, both 
in Unst and in the Dunrossness area, to enable them to cross the 
watershed. But this improbable supposition still leaves unexplained 
the relationship which exists between the relative distribution of 
the stones in the Boulder-clay on the west coast, and the relative 
areas occupied by the rock masses. or these reasons, therefore, 
and others which it is not necessary to specify, it is impossible to 
reconcile the glacial phenomena of Shetland with the theory of ice- 
bergs or coast-ice. 

3. Shetland glaciated by Scandinavian Ice.—Similar phenomena 
to those now referred to have been observed and described again 
and again in Scotland and other highly glaciated regions, where they 
have been almost universally ascribed to the action of land-ice. 
It is not necessary for us to show how the uniform system of stria- 
tion, or the rounded outlines, or the close relation between the 
Boulder-clay and the rocks on which it rests, are satisfactorily ex- 
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plained by the passage of land-ice over Shetland. It is sufficient 
for our present purpose if we show that, during the general glaciation 
of Scotland, Boulder-clay was transported across important  hill- 
ranges by the ice which radiated from the Grampians. On the 
south of the Sidlaw range, as well as on the south side of the Ochils, 
the Boulder-clay contains fragments of schist, gneiss, and granite, 
which must have been transported from the Highlands. Further, on 
the top of Allermuir hill small patches of Boulder-clay were observed 
by Dr. Croll containing striated stones derived from the Highlands 
to the north-west. Itis evident, therefore, that the Scotch ice- 
sheet was powerful enough to override such important ranges as 
the Sidlaws, the Ochils, and portions of the Pentlands, and must 
likewise have rolled forward the bottom moraine, depositing it in 
the lee of the hills. And if such was the case in Scotland, then 
why may not the same thing have happened in Shetland? Indeed, 
had Shetland formed a part of the western sea-board of Scotland, 
there would have been no hesitation in ascribing the striated surfaces 
and the Boulder-clay to the action of land-ice. 

The land-ice which glaciated Scotland could only have come from 
Scandinavia, as the striated surfaces clearly point in that direction. 
And we must now briefly consider what grounds there are for be- 
levying that the Scandinavian mer de glace was powerful enough to 
invade the North Sea. The researches of Krdmann, Horbye, Ksmark, 
Helland, Tornebohm and Linnarsson haye revealed to us the extent 
of the ancient glaciation of Norway and Sweden. ‘They clearly 
show that Scandinavia was not glaciated by Polarice moving south- 
wards from the Arctic regions ; for the ice-markings generally radiate 
from the great tablelands as they do in Scotland. It must have 
been buried underneath an ice-sheet which moved off the land in all 
directions. It has been generally supposed that this mer de glace must 
haye broken up in the form of bergs when it reached the shallow 
North Sea; but fortunately we are now supplied with data which 
enable us to prove that this could not have been the case. If 
we take the estimate given by Helland for the minimum thick- 
ness of the ice in Sogne Fjord during the period of extreme cold, it 
follows that, instead of the ice breaking up in the form of bergs, it 
must have invaded the North Sea and moved in a westerly direc- 
tion towards the Shetland Isles. He gives 6000 feet as the estimate 
at this point; and when we remember that the average depth of 
the German Ocean is about 240 feet, we can readily understand 
how such a mass of ice could never haye floated between Norway 
and Shetland, much less between Norway and Scotland. 

When this mer de glace impinged on the Shetland frontier, it 
would necessarily be deflected to some extent by the opposing high 
ground. Hence, as we move southwards from Unst, where the 
average trend of the ice-markings is W. 10°-20° S. towards Bressay 
and Lerwick, the deflection increases to S8.W. and in some cases to 
S.8.W. But as soon as the ice reached the crest of the Mainland, 
it would naturally follow the path of least resistance, veering 
round to the N.W. and N.N.W. It is highly probable that this 
northing may be due in part to the resistance offered by the Scotch 
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ice-sheet, which must have coalesced with the Scandinavian mer de 
de glace in the North Sea. That this union must have taken place 
is evident from the proofs of the deflection of the glaciers along the 
eastern sea-board of Scotland and England ; and it would even now 
appear that the great Chalky Boulder-clay of East Anglia is a pro- 
duct of land-ice which moved inland in a north-east and south- 
west direction. ‘These phenomena point to the existence of some 
constantly opposing force which was capable of overcoming the 
seaward motion of the Scotch and English glaciers. In other 
words, the two ice-sheets must have united on the floor of the 
North Sea, one great outlet for this ice-field being towards the 
north-west by the Pentland Firth and the Orkney Islands. When 
the Orkney Islands are examined in detail they will doubtless yield 
conclusive evidence in support of this north-west movement. 

After the mer de glace had ceased to be confluent with the local 
glaciers of Shetland, the latter lingered on for a time, filling all the 
main valleys and flowing off the land in all directions. The deposits 
met with on the eastern coast of the Mainland between Lerwick 
and Boddom, and again between Colifirth Voe and Fethaland Point, 
must be attributed to this local movement; while the numerous , 
moraine heaps sprinkled over the valleys indicate the immense 
quantity of débris which must have been borne downwards on the 
surface of the small glaciers. 

4, Absence of Gravel Kames and Raised Beaches in Shetland — 
Throughout the isles we searched in vain for those ridges of gravel 
which form such a notable feature in Scotland. Here and there the 
moraine mounds and the moraine débris, which is spread irregu- 
larly over the slopes of the hills, show signs of rude stratification, 
while the stones are more or less waterworn; but no one would 
readily mistake them for true kames. Moreover there is a 
remarkable absence of raised beaches indicating changes in the 
relative level of sea and land. Though we examined the islands 
with considerable minuteness, we never found a trace of those 
familiar terraces which are so characteristic of parts of the Scotch 
coast-line. This is all the more remarkable, as the voes or sea- 
lochs are admirably adapted both for the formation and preservation 
of sea-beaches. We cannot help believing that, if such deposits had 
been formed, we must assuredly have met with some indications of 
them; and for this reason it seems just to infer that they never ex- 
isted in Shetland. The remarks made by Professor Geikie in an 
article in ‘ Nature’* clearly show that their absence has an important 
bearing on the question of their origin. For if they be due, as 
Dr. Croll suggests, to the rise of the sea-level, owing to an accumula- 
tion of ice round the North Pole during the glacial period, then we 
should naturally expect to find them in localities which are so well 
adapted for their formation; but since this is not the case, we 
may infer that they indicate pauses in the gradual elevation of the 
land which must have been general over the whole of Scotland in 
postglacial times. It would seem, however, that Shetland did not 
participate in these general movements of upheaval. 

* ‘Nature,’ vol. xvi. p. 414. 
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APPENDIX. 


A lust of Fossil Plants, collected in Shetland, by Messrs. B. N. Peach 
and John Horne, of the Geological Survey, in 1878. 
By C. W. Pzacs, Esq. 


( Small specimens. In the Sandstone 
| quarries of Bressay and those on 


No. ite si 
1&1la. Calamites canneformis, from 4 ay Teice ree as EE 
5 Soi ba) 
Bressayeeeseeseeseec eee ree | known by the name of “‘ Corduroy” 

by the quarriers. 
( Unfortunately these are obscure; 
2. Lepidodendron nothum, Unger, | eee an ee 2 
! from Walls district............ they are what Salter called ZL. 
hi ” ” D2 Re nothum of Unger? They may be- 
5 ” ” EE eS long to Lepidodendron. I rather 
a ” ® ena 4 think they are nearer to Lycopo- 
2 ” 2 LOR dites Milleri, also figured by Salter. 
a ” ” EL | They have not stéqgmarian roots, 
a ” ” EG EIe but masses of long flat rootlets (the 
10, ” ” Rea as Fucoids of Miller and others). I 
i ” ” BD IEP got in, Caithness some of these, 
12, ” a es with splendid masses of rootlets 

: ” » aniie attached. 


1200, On the opposite side of 12, is a 
nice example of Psilophyton 
princeps of Dawson, showing 
leaflets. 
13. Psilophyton (from Noss). 
Th Pastonint : D This is the most abundant plant of 
Bagg eee ae ee eee UW BOD, the Old Red Sandstone of Shet- 


oe (from Walls) ..0.........-.--es land, Orkney, Caithness, &c. &e., 

ie. ” ” BR andiof Canada, America, and Tur- 

‘iS » ” dy one t key &e., in the Devonian of the 
’ ” ” ao latter countries. 


DiscussIon. 


Dr. Hicks, haying studied the adjoining rocks of the mainland of 
Scotland, differed from the authors as to the age of the metamorphic 
series, and thought they must be Pre-Cambrian, and belonging to 
two if not three Pre-Cambrian series. 

Prof. Bonnry asked as to the evidence of the passage of gabbro 
into serpentine. 

Mr. Hornz replied that they did not attempt in the paper to fix 
the age of the metamorphic rocks referred to by Mr. Hicks, and in- 
sisted on their views as to the intrusive character of the quartz- 
felsites of Shetland, 

In reply to Prof. Bonney, he stated that he and his fellow author 
had not minutely studied the supposed passage of one rock into the 
other, but that Dr. Heddle, who had so studied them, had aaeived 
at the same conclusion as themselves. : 
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61. On the Soura-Scarte Section *. By E. Wrutsoy, Esq., ¥.G.S. 
(Read June 25, 1879.) 


Ar South Scarle, a point about halfway between Newark and 
Lincoln, an unsuccessful boring for coal some short time ago dis- 
closed a most interesting, but, so far as its lower portion was con- 
cerned, somewhat puzzling geological section. The object of this 
communication is to identify, if possible, the lower rocks passed 
through in these borings. 

The following generalized section is quoted from a paper “ On a 
deep Boring for Coal at Scarle, Lincolnshire,” by Prof. KE. Hull, F.R.S., 
F.G.S. (see Proc. Inst. Civil Engineers, vol. xlix. part iii.) :— 


South-Scarle Section (after Hull). 


ft. in. 
Alluvial Or Driftistratay Seieescse. secede tresses 10 0 
Lower Lias Clay and Limestone ...... pane donodebusees 65 0 
THIAPSERO LOCKS. Gogacgosnnoconb0onncqb0000G0H0000060000000000000 66 0 
New Red Marl (Keupen) 2. cnc .csss sees ost mses snccees 573 0 
Lower Keuper Sandstone ...............scseeereeseeeenees 244 0 
New Red Sandstone (Bunter) ................:eceeeeeeee 542 O 
Whose [eteremrenn Wlewdls oooscesoscqsa90000000202009000000000 118 6 
Upper Magnesian Limestone ..............ceseseeseeees 40 6 
WGC Teteemvena, INTENALS 55 0onqc000058a000G0000890000705000C 141 O 
Lower Magnesian Limestone .............00cecneeeereee 56 O 
Lower Permian Sandstone .........000....ceeces2+20000s 16 0 
; Gyreyish earthy limestones and calcareous shales 11s 0 
a2 wate OTe OATES jocacesoc9nGnn00bg0000000000900 | 
2 Ss Greenish coarse grit and breccia .............:eeeeeeee 1ez0 
S< % | Red marls or clays, in which the boring was oe 
e) F 10 0 
GOMGTAWEC! 4 509500400003009900000000500005 0200000820000 


Down to 26 feet in the Lower Magnesian Limestone the above 
classification of the Scarle cores appears to be approximately correct. 
Below that depth, however (1827 feet), there came up from 50 to 
60 feet of a very hard dark grey to black rock, generally oolitic, 
though apparently unfossiliferous, the analysis of which showed it 
to be an argillaceous dolomite. This was succeeded by 16 feet of 
sandy (?) sediment too loose for cores; then came 118 feet of grey 
earthy limestones or calcareous shales, with a foot or so of greenish 
grit or breccia at the base. Last of all (at 2020 feet), compact red 
or purplish-red clays with nodules of hematite were penetrated to 
a depth of 10 feet. On seeing the first specimens of the “grey 
earthy limestones,” Professors Ramsay and Hull both came to the 
conclusion, founded on lithological grounds, that these rocks were 
to be referred to the Lower Yoredale series. The succession below, 
however, of fine greenish grit, or breccia, and chocolate-coloured clays 
proved very puzzling; and the fact of such strata not being known 


* This is an extract from the author's paper “ On the Physical Geography 
of the North-east of England in Permian and Triassic Times,” 
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among the Yoredale rocks led Prof. Hull to conclude instead that 
the grey earthy limestones, breccia, and red marls, one and all, 
belonged to the uppermost beds of the Coal Measures. That is how 
the matter stands up to the present time. Now, beyond all doubt, 
the grey earthy limestones belong, not to the Carboniferous, but to 
the Permian formation, constituting, in fact, with the overlying dark 
oolitic dolomites and loose sands (?) the Marl Slates; for they are 
identical with the Marl Slates of West Notts in lamination, colour, 
and mineral composition, they yield similar obscure plant-remains, 
and a doubtful shell, ‘‘ either Anthracosia (?) or Awvinus,” the latter of 
which occurs in the Notts Marl Slates; like these, too, they occa- 
sionally become oolitic ; and, finally, they are underlain by a coarse 
greenish grit or breccia, clearly the selfsame bed as that which, as 
described by me on a former occasion, constitutes the base at once 
of the Marl Slates and of the Permian formation (see my paper “ On 
the Permians of the North-east of England,” Q. J. G. S. vol. xxxii. 
p. 533). (Note. The total absence of ironstone in all this thickness 
of grey shales is strongly against their being Coal Measures.) Not 
only, then, are the Marl Slates represented at Scarle, but they there 
attain their greatest known thickness in this country. 

The ‘“ Red Marls” remain to be accounted for. Prof. Hull says 
(Joc. cit.) these shales closely resemble portions of the Upper Coal 
Measures of the North Staffordshire and Manchester coal-fields. 
The question whether productive Coal Measures exist at all, and at 
a workable depth, beneath West Lincolnshire, is a matter not only 
of considerable theoretical interest, but of enormous commercial im- 
portance; and any thing bearing on it should therefore be handled 
with the utmost caution. The red marls from the bottom of the 
Scarle boring certainly do manifest a very close textural agreement 
with certain Upper Coal Measures, ¢. g. those of North Staffordshire, 
On theoretical considerations the occurrence of Upper Coal Measures 
at Scarle is by no means improbable. So far, then, as the red 
marls are concerned, I coincide with the later and more hopeful 
opinion of Prof. Hull; and I venture to think that such opinion will 
be considerably strengthened now that the overlying grey rocks are 
eliminated from the Carboniferous strata and placed with the Per- 
mians, 

In conclusion I append what I believe to be the correct reading 
of the lower portion of the Scarle Section :— 


ft. in 
Down to Lower Magnesian Limestone............ 1801 0O 
Lower Magnesian Limestone ................ees-:00e 26 0 
_, (Marl Slates: dark oolitic dolomites ... 58 0O 
ay [ ee Se eure ee 16 0 
a thin-bedded grey argil- 
Ee { a aa laceous _— dolomites, | ime Qi Be 2 
pS sandstones, and shale 
— [ cs basement breccia ......0.0 i) 


eae oo ae dules of hematite, penetrated to... 
Total depth 2080 0 


Q.J.G.8. No. 140 31 


Car- | Upper eee indurated Marls with ne 10 0 
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[The fossils referred to are described ; and those of which the names are printed 
in italics are also figured. ] 


Abeila cliff, section at, 770. 
Acanthopholis ?, axis of, 594. 
eucercus, a Dinosaur from the 
Cambridge Greensand, 632. 
horridus, from the base of the 
chalk marl near Folkestone, verte- 
bral characters of, 596. 

stereocercus, a Dinosaur from the 
Cambridge Greensand, dorsal and 
caudal vertebrz of, 628. 

Actinacis, 94. 

imsignis, 93. 

stellulata, 93. 

Adams, Prof. A. L., on the remains of 
Mastodon and other Vertebrata of 
the Miccene beds of the Maltese 
Islands, 517. 

Afon Blaenycoed, section through, 
206. 

Cymmerig, section through, 201. 

Agelacrinitide, Mr. W. P. Sladen on 
a new species of, from the Carboni- 
ferous of N orthumberland, 744, 

Allport, 8., Esq., award of the Wol- 
laston Donation Fund to, Proc. 


34- 

— , on the diorites of the Warwick- 
shire coal- field, 637. 

Alum Bay, section at, 226. 

Amazon, Mr. C. B. Brown on the 
ancient river-deposit of the, 763. 

, section across the valley of the, 
763, 775. 

Ambonychia ? tumida, 497. 

America, Europe, and Asia, range of 
the mammoth in, 143, 


America, South, Mr. G. Attwood’s con- 
tribution to the geology of, 582. 

; , Prof. T. G. Bonney on 
some rocks from, 588. 

Analysis of mica-traps from the 
Kendal and Sedbergh districts, 
168-177; of weathered and un- 
weathered diabase rock from near 
Potosi, Venezuela, 586. 

Anglesey, Dr. H. Hicks on the pees 
Cambrian (Dimetian, Arvonian, and 
Pebidian) rocks in Caernarvonshire 
and, 295. 

column, microscopic structure of 

rock from a quarry near the, 308.. 

, limestone of Liangwyllog in, 


— , Pre-Cambrian rocks in, 301. 
and Caernarvonshire, map show- 
ing the Pre-Cambrian rocks in, 


297. 


, Prof. Bonney on the mi- 
croscopic structure of some rocks 
from, 305. 

Anisothyris carinata, 83. 

Hauxwelli, 83. 

tenuis, 83. 

—— (Pachydon) tumida, 83. 

Annelid-jaws, Mr. G. J. Hinde on, 
from the Cambro-Silurian, Silurian, 
and Devonian formations in Canada 
and from the Lower Carboniferous 
in Scotland, 370. 

Anniversary Address of the President, 
Proc.35-95. Seealso Sorby, Dr.H.C. 

Annual Report for 1878, pie 10, 

3r 
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Anodon, sp., 84. 


Anoplosaurus curtonotus, Seeley, on 


the skeleton of, a Dinosaur from ~ 


the Cambridge Greensand, 600. 

major, 631. 

Anthrapalemon, Mr. R. Etheridge, 
jun., on the occurrence of, in the 
Lower Carboniferous or Calciferous 
series of Scotland, 464. 

Macconochii, 471. 

Woodwardi, 468. 

Aphanitic dyke at Sandy Creek, Tambo 
river, section and ground-plan of, 
14. 

Arabellites ascialis, 378, 

cervicornis, 379. 

cornutus, 377. 

crenulatus, 379. 

cristatus, 378. 

cuspidatus, 378. 

elegans, 382. 

gibbosus, 378. 

—- hamatus, 377. 

lunatus, 378. 

? obliquus, 379. 

ovalis, 378. 

pectinatus, 379. 

politus, 385. 

quadratus, 379. 

rectus, 318. 

scoticus, 386. 

—— scutellatus, 379. 

similis, 382. 

——, var. arcuatus, 385. 

Arachnida, fossil, from Gurnet Bay, 
Isle of Wight, 344. 

Archeeoniscus Brodiei, 349. 

Area strewn with northern boulders, 
430. 

Arenig Mountain, boulder-supplying 
capacity of the, 444. 

Argillaceous and crystalline schists 
near Omeo, section of, 15. 

Arvonian, Dimetian, and Pebidian 
rocks in Caernarvonshire and An- 
glesey, 295. 

— rocks from Pembrokeshire, Mr. 
T. Davies on the microscopical 
structure of, 291. 

—— in Pembrokeshire, Dr. H. 
Hicks on, 285. 

Ashbrittle, section from, to Clatwor- 
thy, in the Tone valley, 540. 

Ashley Heath, felstone boulders of, 
441. 

Asia, Europe, and America, range of 
the mammoth in, 143. 

Assiminea crassa, 86. 

Atherstone, Purley Park, near, diorite 
containing augite and olivine from, 
639. 
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Athoonyastooka, Lough, section of 
volcanic beds near, 716. 

Attwood, G., Esq., a contribution to 
South-American geology, with an 
appendix by the Rey. Prof. Bonney, 
582. 

Augite and olivine, diorite containing, 
639. 

Austin, C. E., Esq., on the distribution 
of boulders by other agencies than 
that of icebergs, Proc. 3. 

Australian Alps, North Gippsland, 
section across the, 6. 

Avon sandstones of North Gippsland, 


Backside Beck, Westerdale, mica-trap 
dyke in the, 177. 

Bailey, A., Esq., on the overflow of a 
peat-bog in the Falkland Islands, 
Proc. 96. 

Bairdia, Prof. T. R. Jones and J. W. 
Kirkby, Esq., on the species of the 
Ostracodous genus, from the Carbo- 
niferous strata of Great Britain, 
565. 

, table of Palzozoie species of, 
579. 

—— amopla, 571. 

—— umputata, 576. 

— brevis, 575. 

— circumeisa, 578. 

——- curta. 567. 

— grandis, 572. 

— Hisingeri, 570. 

— mucronata, 572. 

—— nitida, 577. 

plebeia, 569. 

—— precisa, 577. 

—— siliquoides, 576. 

— subcylindrica, 574. 

— subelongata, 5738. 

subgracilis, 574. 

submucronata, 572. 

, Sp. ?, O78. 

Bairnsdale limestone of North Gipps- 
land, 33. 

Bala Lake, generalized section from, 
to Pale Hill, 201. 

, section near Gelligrin, 
south of, 203. 

Ballygalley Head, Mr. T. M. Reade on 
a section of boulder-clay and gravels 
near, and an inquiry as to the pro- 
per classification of the Irish Drift, 
679. 

Bangor and Caernarvon, Pre-Cam- 
brian rocks from between, 296. 

beds, 687. 

district, quartz-felsites &c. of the, 
9. 
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Barle, river, section through, 534. 

Barley Bridge, Staveley, mica-trap 
dyke at, 169. 

Barnstaple Bay, Mr. T. M. Hall on 
the submerged forest of, Proc. 106. 

Barnwell gravels, 416. 

Barrington, near Cambridge, Rev. O. 
Fisher on a mammaliferous deposit 
at, 670. 

pit, diagram of the northern end 
of, 671. 

Baryhelia, 94. 

reticulata, 92. 

Beaufort West, Gouph Tract, Cape of 
Good Hope, Prof. R. Owen on frag- 
mentary indications of a huge kind 
of Theriodont reptile (Zizanosuchus 
ferox, Ow.) from, 189. 

Bembridge limestone, Dr. H. Wood- 
ward on the occurrence of Branchi- 

pus (or Chirocephalus) in a_ fossil 
state in the, of Gurnet Bay, Isle of 
Wight, 342. 

Berth, section through the, 695. 

Berury cliff, section in, 772. 

Bibor’s hill, section through, 540. 

Bickham, section through, 534. 

Bigsby Medal, award of the, to Prof. 
E. D. Cope, Proc. 33. 

Biurgs, section through the, 788. 

Blackpool boulders, identification of, 


Boduan mountain, microscopic struc- 
ture of rock from, 305. 

Bodweni Wood, section in, north of 
the Dee, 205. 

Bonang river, 12. 

Bonney, Prof. T. G., on some rocks 
from South America, 588. 

, on the microscopic structure of 

some rocks from Caernarvonshire 

and Anglesey, 305. 

, on the microscopic structure of 

some Shropshire rocks, 662. 

, on the quartz-felsite and asso- 

ciated rocks at the base of the 

Cambrian series in North-western 

Caernaryonshire, 309. 

,and F, T. 8. Houghton, Esq., on 

some mica-traps from the Kendal 

and Sedbergh districts, 165. 

,and F. T. 8. Houghton, Esq., on 
the metamorphic series between Twt 
Hill (Caernaryon) and Port Dinor- 
wig, 321. 

Borax lake, California, sulphur bank 
near, 390. 

Boscombe sands, 215. 

Boston, deep well at, 418. 

Bothriospondylus magnus, 752. 

Boulder-clay, Hessle, Mr. A. J. Jukes- 
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Browne on the southerly extension 
of the, in Lincolnshire, 397. 

Boulder-clay of Shetland, 794. 

Boulder-dispersions, local, 448. 

——,, radiating, causes of, 429. 

Boulder-laden currents, 428. 

Boulder-loads, overshot, 428. 

Boulders, Cumberland granite and 
felstone, 439. 

, identification of, 426. 

——, importance of, as a key to the 
interpretation of glacial events, 
425. 

, intercrossing of courses of, 427. 

, Mr. C. E. Austin on the distri- 

bution of, by other agencies than 

that of icebergs, Proc. 3. 

, northern, chalk-flints and Lias 

fossils associated with, 446; ex- 

tent of area strewn with, 430. 

, position of, relatively to the 
matrix of drift-deposits, 449. 

Bournemouth beds, Mr, J. S. Gard- 
ner’s description and correlation of 
the.—Part I. Upper marine series, 
209. 

marine series, western termina- 
tion of the, 225. 

Bowen-river coal-field, North Queens- 
land, Mr. R. Etheridge, jua., on 
fossils from the, Proc. 1o1. 

Branchipodites vectensis, 346. 

Branchipus, Dr. H. Woodward on the 
occurrence of, in the Hocene forma- 
tion of the Isle of Wight, 342. 

Brandon Head, section from, to Mi- 
nard Head, 704. 

Brazil, Solimdes and Javary rivers in, 
Mr. C. B. Brown on the Tertiary 
deposits on the, 76. 

, Javary and Solimées rivers, 
Mr. R. Etheridge on the Mollusca, 
collected by Mr. C. B. Brown from 
the Tertiary deposits of, 82. 

Britain, the mammoth in, before, 
during, and after the glacial period, 
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Brithdir, rock-specimens from, 313. 
British Carboniferous Fenestellid, 
Mr. G. W. Shrubsole on the, 275. 
Columbia, Dr. G. M. Dawson 
on a new species of Loftusia from, 


Brown, C, B., Esq., on the Tertiary 
deposits on the Solimées and Ja- 
vary rivers, in Brazil, 76. 

, on the ancient river-deposit of 
the Amazon, 763. 

Bryn, Arvonian rocks near, south- 
west of Treglemais, 294. 

—, section through, 686, 
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Bryniau Bangor, section from Menai 
Bridge to, 687. 

, section across, 690. 

Buchan limestones, North Gippsland, 
24 


Buckman, Prof. J., on the so-called 
Midford sands, 736. 

Burcot, rhyolites from, 666; rhyolitic 
agglomerate from, 668. 

Burton, Shropshire, Eskdale-granite 
and Lake-district felstone-boulders 
around, 442. 

Bwlch Hannerob, section through, 
201. 

Bwlch-y-Gaseg, section through, 
207. 

Cae Castell, fossils from, 484, 486. 

, section through, 478. 

, section in the side of, 


483. 
Caer Caradoc, character of the rocks 
of, 655. 


, section across, towards its 

south-west end, 657. 

and Wrekin chain, physical 
geography of the, 644. 

Caernarvon beds, 682. 

and Bangor, Pre-Cambrian rocks 

from between, 296. 

, Pre-Cambrian rocks of, further 
observations on the, by Prof. T. 
M‘K. Hughes, 682. 

Caernarvonshire, North-western, Prof. 
T. G. Bonney on the quartz-felsite 
and associated rocks at the base of 
the Cambrian serics in, 309. 

and Anglesey, Dr. H. Hicks 

on the Pre-Cambrian (Dimetian, 

Arvonian, and Pebidian) rocks in, 


295. 


, map showing the Pre- 

Cambrian rocks in, 297. 

, Prof. T. G. Bonney on the 
microscopic structure of some rocks 
from, 305. 

Calciferous Sandstone series, Lower 
Carboniferous or, Mr. R. Etheridge, 
jun., on the occurrence of the genus 
Dithyrocaris in the, of Scotland, 
and on that of a second species 
of Anthrapalemon in these beds, 
464. 

California, hot springs in, 390. 

Calistoga, hot springs at, 393. 

Callaway, C., Esq., the Pre-Cambrian 
rocks of Shropshire.—Part I. With 
notes on the microscopic structure 
of some of the rocks, by Prof. T. 
G. Bonney, 648. 

Calvados, department of, 258. 


Cambrian, Mr. Thomas Ruddy on the 
upper part of the, and base of the 
Silurian, in North Wales, 200. 

rocks of Caernarvonshire, 688. 

of La Manche, 262. 

series, Prof. T. G. Bonney on 
the quartz-felsite and associated 
rocks at the base of the, in North- 
western Caernarvonshire, 309. 

Cambridge, Rey. O. Fisher on a mam- 
maliferous deposit at Barrington, 
near, 670. 

Greensand, Dinosauria of the, 
Prof. H. G. Seeley on the, 591. 

Cambro-Silurian, annelid-jaws from 
the, of Canada, 370. 

Conodonts, Mr. G. J. Hinde 
on the, of Canada and the United 
States, 351, 358. 

Campbell, J. F., Hsq., on glacial pe- 
riods, 98. 

Canada, Mr. G. J. Hinde on annelid- 
jaws from the Cambro-Silurian, 
Silurian, and Devonian formations 
in, and from the Lower Carbonife- 
rous in Scotland, 370. 

and the United States, Mr. G. J. 
Hinde on Conodonts from the Chazy 
and Cincinnati group of the Cam- 
bro-Silurian and from the Hamilton 
and Genesee-shale divisions of the 
Devonian in, 351. 

Canama, Peru, ‘Tertiary cliffs near, 
79, 80. 

Cannington Park, traverse across the 
Quantocks to, 544. 

Cape of Good Hope, Prof. R. Owen 
on fragmentary indications of a 
huge kind of Theriodont reptile 
(Titanosuchus ferox, Ow.) from 
Beaufort West, Gouph Tract, 189. 

Caradoc, clastic rock from, 667. 

—, Little, section across, and the 
valley to the south-east, 657. 

Carbonaceous shales and slates of the 
Huronian system, 160. 

Carboniferous and Glengariff beds, 
plan and section showing junction 
of, ‘709. 

, annelid-jaws from the Lower, of 

Scotland, 386. 

beds and the Glengariff series, 

supposed conformity of the, 711. 

conglomerates, Lower, of North 

Wales, Messrs. Strahan and Walker 

on the occurrence of pebbles with 

Upper Ludlow fossils in the, 268. 

Fenestellide, Mr. G. W. Shrub- 
sole on the British, 275. 

. , Glengariff series, and Old Red 
Sandstone, plan and sections show- 
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ing the relations of, in the S.W. of 
Treland, 713. 
Carboniferous limestone of Normandy, 
66. 


, Lower, annelid-jaws from the, 

of Scotland, 370. 

"| , or Calciferous Sandstone 

series, Mr. R. Htheridge, jun., on 

the occurrence of the genus Dithy- 
rocaris in the, of Scotland, and on 
that of a second species of An- 

thrapalemon in these beds, 464. 

rocks of North Gippsland, 32. 

series of Northumberland, Mr. 

W. P. Sladen on a new species of 

Agelacrinitide from the, 744. 

shales, diorite intrusive in, in 

railway-cutting near  Chilvers 

Coton, 637. 

strata of Great Britain, Prof. T. 
R. Jones and J. W. Kirkby on the 
species of the Ostracodous genus 
Bairdia, from the, 565. 

Cardiff, Mr. W. J. Sollas on the Silu- 
rian district of Rhymney and Pen- 
y-lan, 475. 

area, general section of the Silu- 
rian beds in the, 483. 

—— Silurian district, map of the, 
476. 

Cardington and Hope Bowdler range, 
characters of the rocks of the, 658. 

Careg goch, section through, 686. 

Carentan, district south of, 255. 

Carhoo, section through, 702. 

Carwood, rock from, 668. 

Caunopora, definition of, 56. 

hudsonica, 52. 

Cefn-bwlan, section at, 206. 

Cefn-coed-isaf, section through, 477. 

Cephalopoda-beds of Dorset, Somerset, 
and Gloucester, 737. 

Cerithium coronatum, 87. 

Cestracionts, Mr. J. W. Davis on three 
spines of, from the Lower Coal- 
measures, 181. 

Chalk, Mr. H. B. Woodward on a 
disturbance of the, at Trowse, near 
Norwich, Proc. 106. 

Chalk-flints and Lias fossils asso- 
ciated with northern boulders in 
England and Wales, 446. 

Chalk-marl near Folkestone, on the 
yertebral characters of Acanthopho- 
lishorridus, from the base of the, 596. 

Champernowne, A., Hsq., on some De- 
yonian Stromatoporide from Dar- 
tington, near Totnes, 67. 

, and Mr. W. A. E. Ussher, on the 

structure of the Paleozoic districts 

of West Somerset, 552, 
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Chara, seeds of, from Brazil, 82. 

Charlton-Hill area, lithological and 
stratigraphical characters of the 
rocks of the, 653. 

, clastic rock from, 667. 

, quartzite of, 666. 

a formation, Conodonts from the, 

56. 

Chebogamong lake, serpentine of, 58. 

Cheshire, mammoth preglacial in, 
140. 

——, plain of, position of boulders 
in drift in the, 450. 

plain, Kirkeudbrightshire boul- 

der-dispersion over the, 433. 

,» Cumberland boulders on 
the, 441. 

Chilvers Coton, railway-cutting near, 
diorite intrusive in Carboniferous 
shales in, 637. 

Chirk, Arenig boulders around, 444. 

Chirocephalus in the Hocene of the 
Isle of Wight, 342. 

Chondrosteosaurus magnus, 752. 

Cincinnati group at Toronto, annelid- 
jaws from the, 374. 

— , Conodonts 


— from the, 

357. 

Clatworthy, section from Ashbrittle to, 
in the Tone valley, 540. 

Clay-slate, constituents of, 157. 

, probable origin of the crystal- 
line constituents in, 161. 

Clay-slates, Huronian, Dr. A. Wich- 
mann’s microscopical study of some, 
156. 

Clegyr Mawr, section through, 697. 

Clent and Lickey hills, probable Are- 
nig boulders around the, 445. 

Clinton and Niagara groups, annelid- 
jaws from the, 381. 

Cloonee river, section through, 710. 

Clough, C. T., Esq., on the Whin Sill 
of Teesdale as an assimilator of the 
surrounding beds, Proc. 110. 

Clwyd, Silurian rocks in the valley of 
the, 694. 

valley, section along the upper 
part of the, 697. 

Coal-field, Warwickshire, Mr. 8. All- 
port on the diorites of the, 637. 

Coal-measures, Middle, Dr. H. Wood- 
ward on Necroscilla Wilsoni, a sup- 
posed Stomapod crustacean from 
the, of OCossall, near Ilkeston, 551. 

, Lower, Mr. J. W. Davis on 
Pleurodus affinis, sp. ined., Agassiz, 
and description of three spines of 
Cestracionts from the, 181. 

Coed-y-cewarel, section from Rhymney 
Bridge to, 478. 
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Coed-y-gores, section from Ty-y-cyw 
to, 477 

Coenostroma, definition of, 56. 

-—— galtense, 52. 

nodulata, 56, 66. 

Columbia, British, Dr. G. M. Daw- 
son On a new species of Loftusia 
from, 69. 

Community of structure in rocks of 
dissimilar origin, Mr. F. Rutley 
on, 327. 

Comstock mines, heat in, 393. 

Conodonts, Mr. G. J. Hinde on, from 
the Chazy and Cincinnati group 
of the Cambro-Silurian, and from 
the Hamilton and Genesee-shale 
divisions of the Devonian, in 
Canada and the United States, 351. 

Conterminous dispersions of granite 
and felstone boulders, 427. 

Cope, Prof. E. D., award of the 
Bigsby Medal to, Proc. 33. 

Coral fauna of Haldon, Devonshire, 
Prof. P. M. Duncan on the, 89. 
Corals, Paleozoic, from Northern 

Queensland, Proc. 107. 

Corbula canamaensis, 84. 

Cornish coast near Padstow, Mr. W. 
A. EH. Ussher on the Pleistocene 
geology of the, Proc. 5 

Cornwall, Mr. W. A. KH. Ussher on 
the Pleistocene history of, Proc. 6. 

Corwen, section south-west of, 207. 

Cossall, near Ilkeston, Dr. H. Wood- 
ward on Necroscilla Wilsoni, a sup- 
posed Stomapod crustacean from 
the Middle Coal-measures of, 551. 

Craig-y-Dinas and Glynllifon, Pre- 
Cambrian rocks at, 295. 

Crasville, section from Valognes to, 
249. 

Cresswell Caves, further discoveries 
in the, by Messrs. W. B. Dawkins 
and J. M. Mello, 724. 

Criffel, boulder-supplying capacity of, 
431. 

bouldersat Market Drayton, &c., 

435. 


, terminal concentration of, 
W.S.W. and north of Wolver- 
hampton, 436. 

Croaghmarin beds, 703. 

Croaghskirda, section through, 704. 

Crocodiles, dwarf, Prof. R. Owen on 
the association of, with the diminu- 
tive mammals of the Purbeck shales, 
148. 

Crocodilus gaudensis, 527. 

Cromer, Mr. C. Reid on the glacial 
deposits of, Proc. 105. 

Crooked river, 12. 
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Cross Haw Beck, mica-trap dyke in 
the, 177. 

Crug beds, 685. 

Crustacea, Hocene, from Gurnet Bry, 
Isle of Wight, 342. 

, fossil, contributions to the know- 
ledge of, by Dr. H. Woodward, 
549. 

Crystalline and argillaceous schists 
near Omeo, section of, 15. 

constituents in clay-slate, pro- 
bable origin of the, 161. 

Ctenacanthus equistriatus, 185. 

Culbone, section north and south 
through, 539. 

Cumberland granite and felstone boul- 
ders, dispersion of, 439. 

mountains, Kirkeudbrightshire 
boulder-dispersion on west border 
of, 432. 

Cummenbawn, section through, 710. 

Cunnel, Lough, section from near, to 
Kylemore, 714. 

Cunuri, hornblende schist from, 588; 
gneiss from, 589. 

Cutcombe, section through, 534. 

Cwm-y-Glo, rocks from near, 312, 313. 

Cwm-yr-Aethnen, section near, 205. 

Cyclonema angulatum, 498. 

simplex, 498. 

turbinatum, 499. 

Cyffylliog, section through, 695. 


Dargo Flat, section showing contact 
of granite and Silurian at Ori’s 
Creek, 18. 

river, 12. 

Dartington, near Totnes, Mr. A. 
Champernowne on some Deyonian 
Stromatoporide from, 67. 

Davies, T., Esq., on the microscopical 
structure of some Arvonian rocks 
from Pembrokeshire, 291. 

Davis, J. W., Esq., Pleurodus affinis, 
sp. ined., Agassiz, and description 
of three spines of Cestraciontsfrom 
the Lower Coal-measures, 181. 

Dawkins, Prof. W. B., on the range 
of the mammoth in space and time, 
138. 

, and Mello, Rev. J. M., further 
discoveries in the Cresswell Caves, 
724. 

Dawson, Dr. G. M., on a new species 
of Loftusia from British Columbia, 
69. 

Dawson, Dr. J. W., on the micro- 
scopic structure of Stromatoporide, 
and on Paleozoic fossils mineralized 
with silicates, in illustration of 
Kozoon, 48. 
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Deddick, 12. 

Dee, valley of the, position of boul- 
ders in drift along, 449. 

Delamere Hills, Cumberland boulders 
on the, 441. 

-——and Peckforton Hills, Kirkeud- 
brightshire boulder-dispersion over, 
435. 

Delegete Hill, sketch section from, to 
Snowy Bluff, 12. 

Delphinus, sp., from Malta, 525. 

Denbigh Flags, Upper, list of fossils 
from, of Moel Fodia, Denbigh, 694. 

Dent, mica-trap dykes near, 176. 

Derwen, section through, 697. 

Devonian, annelid-jaws from the, of 
Canada, 370. 

Conodonts, Mr. G. J. Hinde on 

the, of Canada and the United 

States, 351. 

, Middle, of North Gippsland, 

23; Upper, of North Gippsland, 

25 


rocks of La Manche, 264. 

of North Gippsland, 20. 

Stromatoporide, Mr, A. Cham- 
pernowne on some, from Darting- 
ton, near Totnes, 67. 

Devonshire, Prof. P. M. Duncan on 
the Upper Greensand coral fauna 
of Haldon, 89. 

Diabase rock, weathered and un- 
weathered, analyses of, 586. 

Dictyostroma, definition of, 56. 

Dimetian, Arvonian, and Pebidian 
rocks in Caernarvonshire and An- 
glesey, 295. 

Dinas, section through, 697. 

Dingle Bay, section from, to Brandon 
Head, 704. 

beds, Prof. EH. Hull on the geo- 

logical age of the, 699. 

, &e., relations of the Old 

Red Sandstone to the, 719. 

Promontory, section in, 702. 

, section along the western 

coast of, 702. 

, section across the, from 
Brandon Head to Minard Head, 
704. 

Dinorwig beds, 686. 

Dinosaur, Mr. J. W. Hulke on Vec- 
tisaurus valdensis, a new Wealden, 
421. 

, note on the axis of a, from the 
Cambridge Greensand, 594. 

Dinosauria of the Cambridge Green- 
sand, Prof. H. G. Seeley on the, 591. 

Diodon, fossil, of Malta, 529. 

Diorite containing augite and olivine, 
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Diorite intrusive in Carboniferous 
shales in railway-cutting near Cuil- 
vers Coton, 637. 

Diorites, Mr. S. Allport on the, of the 
Warwickshire coal-field, 637. 

——, Warwickshire, microscopic 
structure of, 638. 

Distacodus ineurvus, 357. 

Dithyrocaris, Mr. &. Etheridge, jun., 
on the occurrence of the genus, in 
the Lower Carboniferous or Calci- 
ferous Sandstone series of Scotland, 
and on that of a second species of 
Anthrapalemon in these beds, 464. 

—— testudineus, 465. 

—— tricornis, 466. 

——, sp. ind., 465, 466, 467. 

Docker Fell, mica-trap dykes at, 173. 

—— Garth, mica-trap dyke on 
railway west of, 172. 

Dolgelly and Ffestiniog, Pre-Cam- 
brian rocks near, 304. 

Dolomitic conglomerate, footprints 
in, of Newton Nottage, Glamorgan- 
shire, 512. 

Doulting, section in quarry at, 739, 
740. 

Doyle, P., Esq., on some tin-deposits 
of the Malayan peninsula, 229. 

Dreissena acuta, 82. 

Drepanodus arcwatus, 357. 

Dritt-beds at Kilmaurs, section of, 
140. 

Drift-deposits, position of boulders 
relatively to the matrix of, 449. 
Drumagowlan House, section at, 710. 
Dulverton Station to Dunster, geolo- 

gical traverse from, 533. 

Duncan, Prof. P. M., on the Upper 
Greensand coral fauna of Haldon, 
Devonshire, 89. 

Dunquin, section through, 702. 

Dunster, traverse from, to the Fore- 
land, 537. 

——, geological traverse from Dul- 
verton Station to, 533. 

Dyke, mica-trap, near Windermere 
Station, 168; at Barley Bridge, 
Staveley, 169; Gill Bank, near 
Staveley, 169; Stile-end Farm, 
between Kentmere and Long Sled- 
dale, 170; in Kendal Road, 171; 
west of Docker Garth, 172; south 
of Haygarth, Docker Fell, 173; in 
river Lune, 8.W. of Sedbergh, 174 ; 
in Uldale Head, 175; in Holbeck 
Gill, 175; in Helm Gill, near Dent, 
176; in Helm Gill, near Sedbergh, 
176; in Cross Haw Beck, 177; in 
Westerdale, 177, 178. 

Dyris gracilis, 86, 
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Fast Keal, 405. 

———— Lynn, section through, 540. 

Hifi range, microscopic structure of 
rocks from, 305. 

Eleolitic syenite (Foyaite), Dr. C. P. 
Sheibner on an, occurring in Por- 
tugal, 42. 

Hlephant, Indian, relation of, to the 
mammoth, 145. 

Endothiodon bathystoma, 557. 

—— uniseries, 559. 

Endothiodont Reptilia, Prof. R. Owen 
on the, with evidence of the species 
Endothiodon uniseries, Ow., 557. 

England and Ireland, Upper Silurian 
series of, 718. 

erratic blocks or boulders of 
the west of, 425. 

——, relations of the Upper Silu- 
rian series of the south-west of 
Treland to those in the Silurian 
region in, 718. 

——, south of, the mammoth Pre- 
glacial in the, 138. 

Eocene Freshwater (Bembridge) Lime- 

_ stone, Dr. H. Woodward on the 
occurrence of Branchipus (or Chi- 
rocephalus) in a fossil state, asso- 
ciated with Hospheroma and with 
numerous insect-remains, in the, of 
Gurnet Bay, Isle of Wight, 342. 

Eospheroma Brongniartii, 348. 

jluviatile, 346. 

—— Smithii, 347. 

Kozoon, Dr. J. W. Dawson on Palzo- 
zoie fossils mineralized with sili- 
cates, in illustration of, 48. 

, imitative forms resembling, 65. 
Ercal, lithological and stratigraphical 
characters of the rocks of the, 646. 

, section through the, 650. 

Erratic blocks or boulders of the 
west of England and east of Wales, 
results of a systematic survey in 
1878, of the directions and limits 
of dispersion, mode of occurrence, 
and relation to drift-deposits of 
the, including a revision of many 
years’ previous observations, by Mr. 
D. Mackintosh; 425. 

of Shetland, 803. 

Esgair-felen, section of perlite of, 508. 

Hskdale-granite boulders around Bur- 
ton, Shropshire, 442. 

Etheridge, R., Esq., on the Mollusca 
collected by Mr. C.B. Brown, from 
the Tertiary deposits of the Solimo6es 
and Javary rivers, Brazil, 82. 

Etheridge, R., Esq., jun., on a collec- 
tion of fossils from the Bowen- 
river coal-field and the limestone 
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of the Fanning river, North Queens- 
land, Proc. 101. 

Etheridge, R., Esq., jun., on the occur- 
rence of the genus Dithyrocaris in 
the Lower Carboniferous or Calci- 
ferous Sandstone series of Scotland, 
and on that of a second species of 
Anthrapalemon in these beds, 464. 

, and Prof. H. A. Nicholson on 
Paleozoic Corals from northern 
Queensland, with observations on 
the genus Stenopora, Proc. 107. 

Eucamerotus, Hulke, 752. 

Hucercosaurus tanyspondylus (Seeley), 
on the axial skeleton of, a Dinosaur 
from the Cambridge Greensand, 
613. 

Eunicites affinis, 386. 

? alveolatus, 384. 

chiromorphus, 381. 

clintonensis, 381. 

contortus, 375. 

coronatus, 381. 

—— ? digitatus, 376. 

gracilis, 376. 

major, 314. 

—— nanus, 384. 

palinatus, 384. 

perdentatus, 375. 

simplex, 376. 

— tumidus, 384. 

varians, 379. 

Europe, Asia, and America, range of 
the mammoth in, 143. 

Evesham, Rey. A. H. W. Ingram on 
some superficial deposits in the 
neighbourhood of, 678. 

Exton, section through, 534. 


Fachell, section through, 686. 

Falkland Islands, overflow of a peat- 
bog near Port Stanley in the, Proc. 
96. 

Fanning river, North Queensland, 
Mr. R. Htheridge, jun., on fossils 
from the limestone of, Proc, 101. 

Fan-shaped boulder-dispersions, causes 
of, 429. 

Fauna, Pleistocene,of Mother Grundy’ s 
Parlour, 129. 

; Prehistoric and Historie, of Mo- 
ther Grundy’s Parlour, 732. 

Felsitic series of Caernarvon, 686. 

Felstone and granite boulders, great 
Cumberland dispersion of, 459. - 

Fen, Hast, section from, to Marden 
Hill, 405. 

, gravels on the north edge of the, 
415. 

—, section from West, to Hast, 
405. 
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Fenella, 87. 

Fenestella crassa, 280. 

membranacea, 281. 

nodulosa, 280. 

plebeia, 278. 

polyporata, 280. 

Fenestellidz, British Carboniferous, 
Mr. G. W. Shrubsole on the, 275. 
Fenland, description of the Hessle beds 

along the north border of the, 401. 

Ferriter’s-Cove beds, 703. 

Ffernant Dingle, section from, to the 
Carboniferous Limestone near Isallt, 
269. 

Ffestiniog and Dolgelly, Pre-Cambrian 
rocks near, 304. 

Fish, Maltese fossil, 527. 

Fisher, Rev. O., on a mammaliferous 
deposit at Barrington, near Cam- 
bridge, 670. 

Fissures, conversion of, into veins, by 
hot springs, 390. 

Flesk, river, section of volcanic beds 
in the hills west of the, near Lake 
Athoonyastooka, 716. 

Floating ice and land-ice, relative 
claims of, in the transportation of 
boulders, 425. 

Folkestone, on the vertebral characters 
of Acanthopholis horridus from the 
base of the chalk marl near, 596. 

Footprints, Mr. W. J. Sollas on some 
three-toed, from the Triassic con- 
glomerate of South Wales, 511. 

—--, table of linear and angular 
measurements of fossil, and foot- 
prints of Ratitous birds, 514. 

Ford Bridge, section from near Treff- 
garn Bridge to the north of, on the 
road from Haverfordwest to Fish- 
guard, 288. 

Foreland, traverse from Dunster to 
the, 537. 

Forest, submerged, of Barnstaple Bay, 
Proc. 106. 

Forest-bed, fauna of the, the mammoth 
a member of the, 142. 

Fossils, Palaeozoic, associated with ser- 
pentine and other hydrous silicates, 
58. 

Foyaite, Dr. C. P. Sheibner on, an 
elxolitic syenite occurring in Por- 
tugal, 42. 

, analyses of, 46, 47. 


Gal, Lake, section through, 704. 
Galway and Mayo, comparison of 
Dingle beds with sections in, 712. 

, representative beds of the 
Upper Silurian series in, 715. 
Gardner, J. 8., Hsq., description and 
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correlation of the Bournemouth 
beds: Part I. Upper Marine se- 
ries, 209. 

Garth Point, section from, to Gored 
Gith, 688. 

Gaviio Barreiras, section at the, 
Jurua river, 772. 

Gelligrin, section near, south of Bala 
Lake, 203. 

Genesee-shale and Hamilton divisions, 
Conodonts from the, 359. 

Gill Bank, near Staveley, mica-trap 
dyke at, 169. 

Gippsland, North, Mr. A. W. Howitt 
on the physical geography and geo- 
logy of, 1. 

: , Avon sandstones of, 32; 
Bairnsdale limestone of, 33; Bu- 
chan limestones of, 24; Carboni- 
ferous rocks of, 32; Devonian rocks 
of, 20; gold workings of, 36; Tzuana- 
Creek beds of, 26; Miocene rocks of, 
33; Pleistocene beds of, 34; por- 
phyries of, 20; section across the 
Australian Alps in, 6; Silurian rocks 
of, 8; table of geological formations 
of, 7; table of igneous rocks of, 8 ; 
Tertiary rocks of, 33 ; volcanic rocks 
of, 35. 

Glacial deposits, Mr. C. Reid on the, 
of Cromer, Proc. 105. : 

events, boulders as a key to the 

interpretation of, 425. 

period, the mammoth in Britain 

before, during, and after the, 142. 

periods, Mr. J. F. Campbell on, 

98. 


submergence, tabular view of the 
successive stages of the, 453. 

Glaciation of the Shetland Isles, 
Messrs. Peach and Horne on the, 
778. 

Glan Adda, section from road near, 
690. 

Glanrastel river, 710. 

Glantrasna, section through, 710. 

Glengariff and Carboniferous beds, 
plan and section showing junction 
of, ‘709. 

grits and slates, Prof. 4H. 

Hull on the geological age of the, 

699. 

, Kenmare, and Killarney dis- 

tricts, 706. 

series and the Carboniferous 

beds, supposed conformity of the, 

711. 


, Old Red Sandstone, and 
Carboniferous, plan and_ sections 
showing the relations of the, in the 
S.W. of Ireland, 713. 
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Glycerites calceolus, 384. 

sulcatus, 380. 

, var. excavatus, 380. 

Glyder Fawr, North Wales, Mr. F. 
Rutley on perlitic and spherulitic 
structures in the lavas of the, 508. 

Glynbach, section through, 697. 

Glynllifon and Craig-y-Dinas, Pre- 
Cambrian rocks at, 295. 

Gneisses of Shropshire, 665. 

Gold-workings of North Gippsland, 36. 

Gored Gith, section from Garth Point 
to, 688. 

Gothite in rocks below the Rhymney 
grit, 505. 

Gouph Tract, Cape of Good Hope, 
reptilian remains from, 189. 

Granite-dispersion, the great Kirk- 
cudbrightshire, 431. 

Granite and felstone boulders, great 
Cumberland dispersion of, 439. 

Granites of North Gippsland, 16. 

Granitoid rocks of Shropshire, 664. 

Granitoidite, 322, note. 

Great Britain, Carboniferous strata of, 
Prof. T. R. Jones and J. W. Kirkby, 
Esq., on the species of the Ostra- 
codous genus Lairdia from the, 
565. 

Comstock lode, 393. 

Dividing Range, 12. 

Greensand, Cambridge, Prof. H. G. 
Seeley on the Dinosauria of the, 
591. 

—— (Upper) coral fauna, Prof. P. 
M. Duncan on the, of Haldon, 
Devonshire, 89. 

Greenstone boulder-dispersion, Scot- 
tish, 438. 

Griffith’s Crossing, section through, 
686. 

Gurnet Bay, Isle of Wight, Dr. H. 
Woodward on the occurrence of 
Branchipus (or Chirocephalus) in a 
fossil state, associated with Hosphe- 
roma and with numerous insect- 
remains in the EKocene freshwater 
(Bembridge) limestone of, 342., 

——, , fossil insects from, 344. 

and Thorness Bays, general sec- 

tion at, 343. 


Hagnaby Beck, 405. 

Hakel, Dr. H. Woodward on the dis- 
covery of a fossil Sguilla in the 
Cretaceous deposits of, in the Le- 
banon, Syria, 553. 

Haldon, Devonshire, Prof. P. M. Dun- 
can on the Upper Greensand Coral 
fauna of, 89. 

Haldonia, 94, 


GENERAL INDEX. 


Haldoma Vicaryi, 91. 

Halitherium Schinzi, 525. 

Hall, Townshend M., Esq., on the sub- 
merged forest of Barnstaple Bay, 
Proce. 106. 

en section in quarry at, 739, 

Hamilton and Genesee-shale divisions, 
Conodonts from the, 359. 

group, annelid-jaws from the, 


Hangman beds, unisynclinal curve in, 
near Oaktrow, 537. ; 

Hanter Hill, altered clastic rock from, 
668. 

Haresfield beacon, section of Oolites 
at, 738. 

Hawkshaw, J. C., Esq., on the conso- 
lidated beach at Pernambuco, 239. 
Haygarth, mica-trap dykes south of, 

173. 

Hazler Hill, characters of the rocks 
of, 657. 

Hébert, Prof. E., award of the Lyell 
Medal to, Proc. 32. 

Heliopora, 95. 

cerulea, 94. 

Helm Gill, mica-trap dykes at, 176. 

Helmeth Hill, character of the rocks 
of, 657. 

Hendrewen, section through, 690. 

Hengistbury Head, restored section 
between, and Highcliff, 210. 

beds, 214. 

, View of, 213. 

Hessle beds, age and equivalents of 
the, 412. 

, description of the, along the 

north border of the Fenland, 401. 

Boulder-clay, Mr. A. J. Jukes- 

Browne on the southerly extension 

of the, in Lincolushire, 397. 

clay, extension of the, in Hast 

Lincolnshire, 400. 

-——,, origin and mode of forma- 
tion of the, 407. 

Hicks, Dr. H., on anew group of Pre- 
Cambrian rocks (the Aryonian) in 
Pembrokeshire, with an Appendix 
by Mr. 'T. Davies, 285. 

, on the Pre-Cambrian (Di- 
metian, Aryonian, and Pebidian) 
rocks in Caernaryonshire and Angle- 
sey, with an Appendix by Prof. 
T. G. Bonney, 295. 

Highe iff, restored section between, 
and Hengistbury Head, 210. 

sands, 211. 

Highgate, London Clay of, Dr. H. 
Woodward on a fossil Sguilla from 
the, 549. 
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Hinde, G. J., Hsq., on Conodonts from 
the Chazy and Cincinnati group of 
the Cambro-Silurian, and from the 
Hamilton and Genesee-shale divi- 
sions of the Devonian, in Canada 
and the United States, 351. 

, on annelid-jaws from the Cam- 
bro-Silurian, Silurian, and De- 
vonian formations in Canada, and 
from the Lower Carboniferous in 
Scotland, 370. 

Hippopotamus, classificatory value of, 
730. 

, occurrence of, at Cresswell, 726. 

Hirnant, section through, 201. 

Holbeck Gill, mica-trap dyke at, 175. 

Holford quarry, boss of grit im, 545. 

Holopella gracilis, 498. 

hydropica, 498. 

minuta, 498. 

Hope Bowdler, rock from, 667. 

and Cardington range, cha- 
racters of the rocks of the, 658. 

Hoplonchus elegans, 188. 

Horne, John, Hsq., and B. N. Peach, 
Hsq., on the Glaciation of the Shet- 
land Isles, 778. 

Hougiton, F. T. 8., Esq., and Rev. T. 
G. Bonney, on some mica-traps 
from the Kendal and Sedbergh dis- 
tricts, 165. 

—— ——.,, on the metamorphic series 
between Twt Hill (Caernarvon) and 
Port Dinorwig, 321. 

Howitt, A. W., Hsq., on the physical 
geography and geology of North 
Gippsland, Victoria, 1. 

Howorth, H. H., Esq., on themammoth 
in Siberia, Proc. 1. 

Huberville, section through, 249. 

Hudson-river group at Toronto, an- 
nelid-jaws from the, 374. 

Hughes, Prof. T. M‘K., further ob- 
servations on the Pre-Cambrian 
rocks of Caernarvon, 682. 

, on the Silurian rocks of the 
valley of the Clwyd, 694. 

Huish Champflower, section through, 
540. 

Hulke, J. W., Esq., on Potkilopleuron 
Bucklandi of Hudes Deslongchamps 
(pére), identifying it with Megalo- 
saurus Bucklandi, 238. 

, on Vectisaurus valdensis, a new 

Wealden dinosaur, 421. 

, on (Eucamerotus, Hulke) Or- 
nithopsis, H. G. Seeley, = Bothrio- 
spondylus magnus, Owen,= Chon- 
drosteosaurus magnus, Owen, 752. 

Hull, Prof. E., on the geological age 
of the rocks forming the southern 
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highlands of Ireland, generally 
known as “the Dingle beds” and 
“ Glengariff grits and slates,” 699. 

Hulverton Hill, section from, north- 
wards to Wheddon Cross, and 
thence to Timberscombe, 534. 

Hunstanton gravel, 415. 

Huronian clay-slates, Dr. A. Wich- 
mann’s microscopical study of some, 
156. 

system, table of the, 157. 

Hydrobia dubia, 86. 


Ice, land- and floating, relative claims 
of, in the transport of boulders, 425 

Ichthyosaurus, Prof. H. G. Seeley on 
the evidence that. certain species of, 
were viviparous, Proc. 104. 

gaudensis, 527. 

Igneous rocks of North Gippsland, 
table of, 8. 

of Shetland, 786. 

Iguana-Creek beds, North Gippsland, 
26 


Ilkeston, Dr. H. Woodward on Necro- 
scilla Wilsont, a supposed Stomapod 
crustacean from the Middle Coal- 
measures of Cossall, near, 551. 

Ingram, Rey. A. H. W., on some su- 
perficial deposits in the neighbour- 
hood of Evesham, 678. 

Insect-remains from Gurnet Bay, 
Isle of Wight, list of, 344. 

Ireland and England, Upper Silurian 
series of, 718. 

——, southern highlands of, Prof. 
H. Hull on the age of the rocks form- 
ing the, generally known as ‘the 
Dingle beds” and “ Glengariff grits 
and slates,” 699. 

, S.W. of, plan and_ sections 

showing the relations of the Glen- 

gariff series, Old Red Sandstone, 

and Carboniferous in the, 713. 

; , relations of the Upper 
Silurian series of the, to those in 
the Silurian region of England, 
718. 

Trish drift, Mr. T. M. Reade on the 
classification of the, 679. 

Sea, coast of the, position of 
boulders in drift along, 450. 

Tron galls in the ferruginous-mud beds 
above the Rhymney grit, 505. 

Isa ?, 86. 

Isallt, section from Ffernant Dingle to 
the Carboniferous Limestone near, 
269. 

Isle of Wight, Gurnet Bay, Dr. H, 
Woodward on the occurrence of 

Branchipus (or Chirocephalus) ina 
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fossil state, associated with Hosphe- 
roma and with numerous insect- 
remains, in the Hocene freshwater 
(Bembridge) Limestone of, 349. 

Isle of Wight, ideal view of the, and 
the adjacent land, 212. 

Isopods, fossil, list of, 348. 


Javary and Solim6es rivers, Brazil, 
Mr. C. B. Brown on the ‘Tertiary 
deposits on the, 76. 

Mr. R. Etheridge on the 
Mollusca collected by Mr. ©. B. 
Brown from the Tertiary deposits 
of, 82. 

Jones, Prof. T. R., and J. W. Kirkby, 
Kisq., description of the species of 
the Ostracodous genus Sairdia, 
M‘Coy, from the Carboniferous 
strata of Great Britain, 565. 

Jukes-Browne, A. J., Hsq., on the 
southerly extension of the Hessle 
boulder-clay in Lincolnshire, 597. 

Jurua river, section at Gaviio Bar- 
reiras on the, 772. 


Kendal and Sedbergh districts, Messrs. 
Bonney and Houghton on some 
mica-traps from the, 165. 

—— road, mica-trap dyke on the, 


171. 

Kendall, J. D., Esq., on the formation 
of rock-basins, Proc. 104. 

Kenmare, Killarney, and Glengariff 
districts, 706. 

Bay, section from Mehal Head 

to, 710. 

sections, 707, 708. 

Kentmere and Long Sleddale, mica- 
trap dyke between, 170. 

Kerry, representative beds of the 
Upper Silurian series in, and Mayo 
and Galway, 715. 

Kersantite, 166. 

Killaries, section across the, from near 
Lough Cunnel to Kylemore, 714. 
Killarney, Kenmare, and Glengariff 

districts, 706. 

Killary Harbour, section through, 
714. 

Kilmaurs, section of drift-beds at, 140. 

King- -crab, fossil (Limulus syriacus), 
Dr. H. Woodward on the occur- 
rence of a, in the Cretaceous forma- 
tion of the Lebanon, 554. 

Kington group, character of the rocks 
of the, 660. 

Kirkby, J. W., Esq., award of the 
Murchison Geological Fund to, 
Proc. 35. 

-—, and Prof. T. R. Jones, descrip- 
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tion of the species of the Ostraco- 
dous genus Bairdia, M‘Coy, from 
the Carboniferous strata of Great 
Britain, 565. 

Kirkeudbrightshire granite-dispersion, 
the, 431. 

Knockeirky, section through, 710. 

Knockgariff, section through, 710. 

Kylemore, section from near Lough 
Cunnel to, 714. 


Lake-district, boulder-supplying ca- 
pacity of the, 439. 

felstone boulders around Bur- 
ton, Shropshire, 442. 

La Manche, Cambrian rocks of, 262. 

, Devonian rocks of, 264, 

, Silurian rocks of, 263. 

Land-ice and floating ice, relative 
claims of, in the transport of boul- 
ders, 425. 

Larnt, Perak, tin-deposits of, 229. 

Lavas of the Glyder Fawr, North 
Wales, Mr. F. Rutley on perlitic 
and spherulitie structures in the, 
508. 

Lawley, characters of the rocks of the, 
654. - 


, district between the Wrekin and 
the, characters of the rocks of the, 
654. 

Lawrence Hill, lithological and stra- 
tigraphical characters of the rocks 
of, 646. 


, sections through, 648, 650. 

Leamaheltia, section through, 714. 

Lebanon, Cretaceous formation of the, 
Dr. H. Woodward on the oceur- 
rence of a fossil king-crab (Limulus 
syriacus) in the, 554. 

, Dr. H. Woodward on the 
discovery of a fossil Sguwilla in the 
Cretaceous deposits of Hakelin the, 
653. 

Le Cap, sand-pit near, in Montmartin- 
en-Graignes, 257. 

Leda? ambigua, 497. 

Le Ham, section from Montebourg to, 
252. 

Lepidodiscus Lebourt, Mr. W. P. 
Sladen on, a new species of Agela- 
crinitidz from the Carboniferous 

series of Northumberland, 747. 

Leptorhine rhinoceros, classificatory 
value of, 730. 

Lias fossils and chalk flints associated 
with northern boulders, 446. 

Library, additions to the, Proc. 108. 

Lickey and Clent Hills, probable 
Arenig boulders around the, 445. 

Lilleshall Hill, lithological and strati- 
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graphical characters of the rocks of, 
645 


Lilleshall Hill, section across N.E. 
end of, 646. 

, rocks from, 668. 

Limestone of Pole Hill, New Bruns- 
wick, and of Llangwyllog in Angle- 
sey, 63. 

river, 12, 21. 

Limulus syriacus, 544. 

Lincolnshire, Mr. A. J. Jukes-Browne 
on the southerly extension of the 
Hessle boulder-clay in, 597. 

, Hast, map of a part of, 399. 

Little Caradoc, section across, 657. 

Livingstone Creek, 12. 

Llanarmon, section near, 207. 

Llanddeiniolen, section near, 686. 

Llandegai, section from Bangor station 
to, 690. 

Llanfaelog, microscopic structure of 
rock from, 307. 

Llangwyllog in Anglesey, limestone of, 
63. 


Lianhowel quarry, Arvonian rocks 
from, 293. 

Lleyn Promontory, 
rocks of the, 298. 
Liwyn-y-grant-uchaf, section through, 

477. 

Llyn Padarn, section on N.H side of 315. 

district, quartz-felsite &c. 
of the, 311. 

Loftusia, Dr. G. M. Dawson on a new 
species of, from British Columbia, 69. 

columbiana, 'T4. 

Loftusia-limestone, typical, of British 
Columbia, 70. 

London Clay of Highgate, Dr. H. 
Woodward on a fossil Squilla from 
the, 549. 

Long Sleddale and Kentmere, mica- 
trap dyke between, 170. 

Lucott Hill, section through, 539. 

Ludlow fossils, Upper, Messrs. Strahan 
and Walker on the occurrence of 
pebbles with, in the Lower Carboni- 
ferous conglomerates of North 
Wales, 268. 

sandstones, ferruginous staining 

of, 505. 

, Upper, list of fossils from, Rhym- 
ney-river section, 487. 

Lumbriconereites armatus, 383. 

basalis, 383. 

dactylodus, 380. 

triangularis, 383. 

Lutraria ?, 84. 

Lyell Geological Fund, award of the, 
to Prof. H. A. Nicholson and Dr. 
H. Woodward, Proc. 36, 
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Lyell Medal, award of the, to Prof. 
Hébert, Proc. 32. 


Macclesfield Forest, Kirkeubrightshire 
boulder-dispersion to, 433. 

, highest boulders in, 440. 

M‘Coy, Prof., award of the Murchison 
Medal to, Proc. 31. 

Mackintosh, D., Esq., results of a sys- 
tematic survey, in 1878, of the di- 
rections and limits of dispersion, 
mode of occurrence, and relation to 
drift-deposits of the erratic blocks 
or boulders of the west of England 
and east of Wales, including a re- 
vision of many years’ previous ob- 
servations, 425. 

Malayan peninsula, Mr. P. Doyle on 
some tin-deposits of the, 229. 

Maltese islands, geology of the, 517. 

, Miocene beds of the, Pref, A. 
L. Adams on remains of Mastodon 
and other Vertebrata of the, 517. 

Mammal from the Stonesfield slate, 
Prof. H. G. Seeley on a femur and 
a humerus of a small, 456. 

Mammals, diminutive, of the Purbeck 
Shales, Prof. R. Owen on the asso- 
ciation of dwarf crocodiles with the, 
148. 

Mammalia, Maltese fossil, 523. 

, Pleistocene, notes on the, of the 

Cresswell Caves, 729. 

, prehistoric and historic, of 
Mother Grundy’s Cave, Cresswell 
crags, 731, 

Mammaliferous deposit, Rev. O. 
Fisher on a, at Barrington, near 
Cambridge, 670. 

Mammoth, Prof. W. B. Dawkins on 
the range of the, in space and time, 
138. 

in Siberia, Mr. H. H. Howorth 

on the, Proc. 1. 

, range of, in Europe, Asia, and 
America, 143. 

—-, relation of, to Indian elephant, 
145. 

Maniwa, section at, on the Purus 
river, 771. 

Maino Piedra, basalt from, 589. 

Map of a part of Hast Lincolnshire, 
399. 

of St. Davyid’s Head and the 

neighbouring parts of Pembroke- 

shire, 289. 

of the Cardiff Silurian district, 

476. 

showing the Pre-Cambrian rocks 

in Anglesey and Oaernarvonshire, 


297. 
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March gravel of Cambridge and Lin- 
coln, 416. 

Marden Hill, section from, to Hast 
Fen, 405. 

Marengo Creek, section from, to the 
Snowy River, across the Wombargo 
Mountain, 21. 

Market Drayton, Criffel boulders at, 
435. 

Mastodon, Prof. A. L. Adams on re- 
mains of, and other Vertebrata of 
the Miocene beds of the Maltese 
islands, 517. 

angustidens, 523. 

Maximilian Creek, section of group of 
beds at, 28. 

Mayo and Galway, comparison of 
Dingle beds with sections in, 712. 
—— --—, representative beds of the 

Upper Silurian series in, 715. 

Megalosaurus Bucklandi, Mr. J. W. 
Hulke on, 233. 

Mehal Head, section from, to Ken- 
mare Bay, 710. 

Meiarth, section through, 697. 

Melania bicarinata, 88. 

scalarioides, 88. 

tricarinata, 87. 

Melanopsis? Brownii, 87. 

Melbourne, North America, serpentine 
of, 59. 

Melitosaurus champsoides, 527. 

Mello, Rev. J. M., and Prof. W. B. 
Dawkins, further discoveries in the 
Cresswell Caves, 724. 

Menai Bridge, rock-specimen from 
near, 313. 

, section from, to Bryniau 

Bangor, 687. 

Straits, section seen along shore 
of, between Garth Point and Gored 
Gith, Bangor, 688. 

Metamorphic series between Twt Hill 
(Caernarvon) and Port Dinorwig, 
Prof. T. G. Bonney and Mr. F. 1. 
S. Houghton on the, 321. 

— — of Shetland, 780; intrusive 
igneous rocks in the, 782. 

Mica-traps from the Kendal and Sed- 
bergh districts, Messrs. Bonney and 
Houghton on some, 165. 

Midford sands, Prof. J. Buckman on 
the, 736. 

, section of Oolites at, 738. 

Mill Cove, section through, 702. 

Minard Head, section from Brandon 
Head to, 704. 

Mineral veins, a contribution to the 
history of, by Mr. J. A. Phillips, 
390. 

Minette, 166. 
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Miocene beds of the Maltese islands, 
Prof. A. L. Adams on remains of 
Mastodon and other Vertebrata of 
the, 517. 

rocks of North Gippsland, 33. 

Mitchell river, section across, near 
Tabberabbera, 25. 

Modiolopsis acutiprora, 496. 

—-— inflata, 496. 

Moel Ferna, section through, 207. 

Fodia, list of fossils from Upper 

Denbigh Flags of, 694. 

Ganol, section through, 695. 

Tryfaen district, quartz-felsite 
&e. of the, 310, 313. 

Moi Creek beds, North Gippsland, 

Mollusca, Mr. R. Etheridge on the, 
collected by Mr. C. B. Brown from 
the Tertiary deposits of Soliméesand 
Javary rivers, Brazil, 82. 

Monte Alegré, section at, 765. 

Montebourg, section from, to Le Ham, 
252. 

Montmartin-en-Graignes, 
near Le Cap in, 257. 

Morainic deposits of Shetland, 800. 

Mother Grundy’s Parlour, Cresswell 


sand - pits 


Crags, prehistoric and _ historic 
Mammalia of, 731. 

, Pleistocene fauna of, 
29s 


Mount-Tambo beds, section across the, 
3l. 

Muck, Lough, section through, 714. 

Murchison Geological Fund, award of 
the, to Mr. J. W. Kirkby, Proc. 35. 

— Medal, award of the, to Prof. 
M‘Coy, Proc. 31. 

Murchisonia corpulenta, 499. 

elegans, 499, 

Museum, additions to the, Proc. 183. 

Mweelrea, section through, 714. 

Myliobatis, 88. 

toliapicus, 527. 


Nanhoron quarries, microscopic struc- 
ture of rock from, 3806. 

Nannosuchus, 148. 

Nur-valley beds, 416. 

Natica ?, 85. 

Native-Dog Creek,NorthGippsland,21. 

—-, contorted schists at, 22. 

Necroscilla Wilsoni, Dr. H. Woodward 
on, a supposed Stomapod crusta- 
cean, from the Middle Coal-mea-~ 
sures, Cossall, near Ilkeston, 551. 

Nereidavus solitarius, 385. 

yarians, 3795. 

Neritina puncta, 85. 

ziczac, 85 
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Nevada, hot springs in, 391. 

New Brunswick, Pole Hill, limestone 
of, 63. 

Niagara formation, sponges from the, 
51. 


and Clinton groups, annelid-jaws 
from the, 381. 

Nicholson, Prof. H. A., award of the 
Lyell Geological Fund to, Proc. 36. 

, and Mr. R. Etheridge, jun., on 
Palxozoic Corals from Northern 
‘Queensland, with observations on 
the genus Stenopora, Proc. 107. 

Normandy, Mr. W. A. E. Ussher on 
the Triassic rocks of, and their en- 
vironments, 245, 

Northern boulders, extent of area 
strewn with, 430. 

North Gippsland, granites of, 16. 
Northmayine, section across, from 
Ockren Head to Skea Ness, 788. 
Northumberland, Mr. W. P. Sladen 

on a new species of Agelacrinitidse 
from the Carboniferous of, 744. 
Northwich, section of New Victoria 
Salt Company’s shaft at, 141. 
Norwich, Mr. H. B. Woodward on a 
disturbance of the Chalk at Trowse, 
near, Proc. 106. 
Notidanus primigenius, 528. 
Noyaculite, 159. 


Oaktrow, wnisynclinal curve in Hang- 
man beds, near, 337. 

Oare, Withycombe Farm near, sec- 
tion north and south through, 
540. 

Ockren Head, section from, to Skea 
Ness, 788. 

Octeyille, section through, 249. 

Odostomia, sp., 86. 

(Hnonites amplus, 382. 

? carinatus, 377. 

compactus, 384. 

cuneatus, 377. 

curvidens, 376. 

fragilis, 382. 

inequalis, 376. 

? infrequens, 382. 

rostratus, 376. 

serratus, 376. 

Old Red Sandstone, relations of the 
Cardiff Silurians to the, 489. 

, Glengariff series, and 

Carboniferous, plan and_ sections 

showing the relations of the, in the 

S.W. of Ireland, 713. 

, relations of the, to 

the Dingle beds, &c., 719. 

of Shetland, vertical 

section of, 784. 
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Olivine and augite, diorite contain- 
ing, 639. 

Omeo, section and ground-plan of 
argillaceous and crystalline schists 
near, 15. 

plains, 12. 

Ornithopsis, 752. 

Oroseris, 95. 

haldonensis, 92. 

Orr’s Creek, Dargo Flat, section show- 
ing contact of granite and Silurian 
at, 18. 

Orthonotus navicula, 496. 

Ostracodous genus Batrdia, Prof. T. 
R. Jones and J. W. Kirkby, Esq., on 
the species of the, from the Carbo- 
niferous strata of Great Britain, 
565. 

Otobates subeonvexus, 527, 

Owen, Prof. R., on the association of 
dwarf Crocodiles (Nannosuchus and 
Theriosuchus pusillus, e. g.) with 
the diminutive mammals of the 
Purbeck Shales, 148. 

, on fragmentary indications of a 

huge kind of Theriodont reptile 

(Titanosuchus ferox, Ow.) from 

Beaufort West, Gouph Tract, Cape 

of Good Hope, 189. 

, on the Hndothiodont Reptilia, 
with evidence of the species Hndo- 
thiodon uniseries, Ow., 557. 

Owenalondrig river, section through, 
704. 


Pachydon tenua, 83. 

Pachytheca spherica, 499. 

Paleozoic districts of West Somerset, 
Messrs. Champernowne and Ussher 
on the structure of the, 532. 

—— fossils associated with serpen- 
tine and other hydrous silicates, 
58. 


, Dr. J. W. Dawson on, 
mineralized with silicates, 48. 
rocks, Lower, of North Gipps- 
land, 8. 


, Upper, of North Gipps- 
land, 20. 

Pale Hill, generalized section from, 
to Bala Lake, 201. 

Paludestrina, 86. 

Pandy, section through, 478. 

Pare y gors, section through, 686. 

Parkmore-point Conglomerate, 705. 

Parlour Cave, ground-plan and sec- 
tions of the, 725-728. 

Peach, B. N., Esq., and John Horne, 
Hsq., on the glaciation of the Shet- 
land Isles, 778. 

Pebas, Tertiary cliffs at, 81. 
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Pebidian, Dimetian, and Arvonian 
rocks in Caernarvonshire and An- 
glesey, 295. 

Peckforton hills, Cumberland boulders 
on the, 441. 

and Delamere hills, Kirkeud- 
brightshire boulder-dispersion over, 
435. 

Pembrokeshire, Dr. H. Hicks, on a 
new group of Pre-Cambrian rocks 
in, 285. 

, Mr. T. Davies on the microsco- 
pical structure of some Aryonian 
rocks from, 291. 

Penbryn, microscopic structure of 
rock from, 307. 

Pen-y-lan, Rhymney, and Cardiff, Mr. 
W. J. Sollas on the Silurian dis- 
trict of, 475. 

, fossils from, 479. 

Hill, structure of, 477. 
Pen-yr-heol, section through, 478. 
Perak, tin-deposits of, 229. 

Perlitic and spherulitic structures, 
Mr. F. Rutley on, in the lavas of 
the Glyder Fawr, North Wales, 
508. 

Pernambuco, Mr. J. C. Hawkshaw on 
the consolidated beach at, 239. 

, section opposite the Marine 
Arsenal at, 239. 

Phillips, J. A., Esq., contribution to 
the history of mineral veins, 390. 

Phoca rugosidens, 524. 

Phricacanthus biserialis, 186. 

Pixton Park, section through, 534. 

Plan of aphanitic dyke at Sandy 
Creek, Tambo river, 14. 

of quarry above Yscuborwen, 

Caernarvon, 684. 

of the Wrekin chain, 650. 

of the Parlour Cave, Cresswell 
Crags, 725. 

— showing the relations of the 
Glengariff series, Old Red Sand- 
stone and Carboniferous, in the 
S.W. of Ireland, 713. 

and section of argillaceous and 
crystalline schists near Omeo, 1. 

Plant-remains in the Upper Silurian 
of the 8.W. of Ireland, 7177. 

Plants, fossil, collected in Shetland by 
Messrs. Peach and Horne, 811. 

Platax Woodwardi, 529. 

Pleistocene and Recent deposits of 
North Gippsland, 34. 

history of Cornwall, Mr. W. A. 

EH. Ussher on the, Proc. 6. 

Mammalia, notes on the, of the 

Cresswell Caves, 729. 

notes on the Cornish coast near 
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Padstow, by Mr. W. A. E. Ussher, 
Proc. 5. 

Pleurodus affinis, Mr. J. W. Davis on, 
and description of three spines of 
Cestracionts from the Lower Coal- 
measures, 181. 

Pliocene of North Gippsland, 34. 

Potkilopleuron Bucklandi, Mr. J. W. 
Hulke on, identifying it with Mega- 
losaurus Bucklandi, 233. 

Pole Hill, New Brunswick, limestone 
of, 63. 

Polygnathus coronatus, 365. 

crassus, 365. 

cristatus, 366. 

? curvatus, 366. 

— dubius, 362. 

duplicatus, 364. 

? eriensis, 366. 

immersus, 364. 

linguiformis, 367. 

nasutus, 364. 

palmatus, 367. 

pennatus, 366. 

princeps, 365. 

—- punctatus, 367. 

radiatus, 364. 

? serratus, 365. 

—— ? simplex, 367. 

solidus, 365. 

truncatus, 366. 

tuberculatus, 366. 

Pont-a-la-Vieille, section from, to Va- 
lognes, 252. 

Pont-de-Six, section from Valognes 
towards, 252. 

Pontuchaf, section through, 695. 

Porphyries of Snowy River, North 
Gippsland, 20. 

Port Dinorwig, microscopic structure 
of rock from, 305. : 

, and Twt Hill (Caernar- 
you), Prof. T. G. Bonney and 
Mr. F. T. 8. Houghton on the me- 
tamorphie series between, 321. 

Porto do Aleagre, section at, 769. 

Portugal, Dr. C. P. Sheibner on Foy- 
aite, an elzolitic syenite occurring 
in, 42. 

Potosi (Venezuela), altered gabbro 
from, 588; altered dolerite from, 
590. 

Pre-Cambrian rocks, Dr. H. Hicks on 

a new group of, in Pembrokeshire, 
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Dimetian, Arvonian, and Pe- 
bidian) rocks, Dr. H. Hicks on the, 
in Caernaryonshire and Anglesey, 
295. 

rocks in Anglesey and Caernar- 
vonshire, map showing the, 297. 
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Pre-Cambrian rocks of Caernaryon, 
further observations on the, by Prof. 
T. McK. Hughes, 682. 

of Shropshire, Mr. C. Cal- 
laway on the: Part I., 643. 

Primrose Hill, characters of the rocks 
of, 652. 

——.,, gneisses of, 665. 

, section through, 650. 

Prioniodus abbreviatus, 359. 

acicularis, 360. 

? alatus, 361. 

—- angulatus, 360. 

armatus, 360. 

clavatus, 360. 

elegans, 358. 

erraticus, 359. 

Ffurcatus, 358. 

Panderi, 361. 

—— ? politus, 358. 

- radicans, 356. 

spicatus, 361. 

Pseudolacuna macroptera, 85. 

Puerto de Tablas, syenite from, 590. 

Purbeck Shales, Prof. R. Owen on 
the association of dwarf crocodiles 
with the diminutive mammals of 
the, 148. 

Purley Park, near Atherstone, diorite 
containing augite and olivine from, 
639 

Purus river, section at Maniwa, on 
the, 771; in the Berury Cliff, 772. 


Quacipati, gneiss from, 588. 
Quantocks, traverse across the, to 
Cannington Park, 544. 
Quartz-felsite, Prof.T.G. Bonney on 
the, and associated rocks at the base 
of the Cambrian series in North- 
western Caernarvonshire, 309. 
Quartzites of Shropshire, 666. 
Queensland, North, Mr. R. Etheridge, 
jun., on a collection of fossils from 
the Bowen-river coal-field and the 
limestone of the Fanning river, 
Proc. 101. 
,—— Prof. Nicholson and Mr. 
R. Etheridge, jun., on Paleozoic 
corals from, Proc. 107. 


Radiating boulder-dispersions, causes 
of, 429. 

Ragleth, rock from, 668. 

Hill, character of the rocks 
of, 659. 

Reade, T. M., Esq., on a section of 
Boulder-clay and gravels near Bally- 
galley Head, and an inquiry as to 
the proper classification of the Irish 
drift, 679. 
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Recent and Pleistocene deposits of 
North Gippsland, 34. 

“Reef” at Pernambuco, 239. 

Reid, Clement, Esq., on the glacial 
deposits of Cromer, Proc. 105. 

Reptilia, Endothiodont, Prof.R. Owen 
on the, with evidence of the species 
Endothiodon uniseries, Ow., 557. 

——, Maltese fossil, 527. 

Rhinoceros, leptorhine, classificatory 
value of, 730. 

Rhinoceros leptorhinus, 730. 

Rhymney and Pen-y-lan, Cardiff, Mr. 
W.J.Sollas on the Silurian district 
of, 475. 

Bridge, section from, to Coed- 

y-cwarel, 478. 

hills, Silurian of, 477. 

quarry, fossils from the Cfeno- 

donta-bed at, 482; section exposed 

at, 481. 

railway, section along the, 
from the Starting House, Heath 
Farm, to the edge of the southern 
escarpment of the Welsh coal-basin, 
490. 

Rhyolites of Shropshire, 663, 666. 

Ribeirés, Brazil, fossiliferous Tertiary 
cliffs at, 78. 

River Lune, mica-trap dyke in, south- 
west of Sedbergh, 174. 

Roeh Castle, Arvonian rocks from, 291. 

Rock-basins, Mr. J. D. Kendall on the 
formation of, Proc. 104. 

Rock-forming materials, 332. 

Rocks, classification of component 
parts of, 331. 

of dissimilar origin, Mr. F. 
Rutley on community of structure 
in, 327. 

Roeness, section through, 788. 

Ruddy, Mr. Thomas, on the upper 
part of the Cambrian (Sedgwick) 
and hase of the Silurian in North 
Wales, 200. 

Ruthin, section across Silurian rocks 
west of, 695. 

Rutley, F., Hsq., on community of 
strueture in rocks of dissimilar 
origin, 327. 

, on perlitic and spherulitic 

structures in the lavas of the Glyder 

Fawr, North Wales, 508. 


St. David’s, Arvonian rocks at, 292. 

—— Head, sketch map of, 285. 

St. Martin dAudouyille, section 
through, 249. 

St. Paul, Brazil, Tertiary cliffs near, 
es Use 

Salrock, section through, 714. 


832 GENERAL INDEX. 


Sandy Creek, Tambo river, section 
and ground-plan of aphanitic dyke 
at, 14. 

Scandinavian ice, Shetland glaciated 
by, 808. 

Schists, metamorphic crystalline, of 
North Gippsland, 11. 

——, section of argillaceous and ecrys- 
talline, near Omeo, 15. 

Scotland, mammoth preglacial in, 


, Lower Carboniferous of, annelid- 

jaws from the, 386. ‘ 

, Lower Carboniferous or Calci- 
ferous Sandstone series of, Mr. R. 
Etheridge, jun., on the occurrence 
of the genus Dithyrocarisin the, and 
on that of a second species of An- 
thrapalemon in these beds, 464. 

Scottish Greenstone boulder-disper- 
sion, 438. 

Serubby Creek, section through, 31. 

Section across the Australian Alps in 
North Gippsland, 6; from the 
Snowy Bluff to Delegete Hill, North 
Gippsland, 12; of aphanitic dyke 
at Sandy Creek, Tambo river, 14; 
of argillaceousand crystalline schists 
near Omeo, 15; showing contact of 
granite and Silurian at Orr’s Creek, 
Dargo Flat, 18; from Marengo 
Creek to the Snowy river, across 
the Wombargo mountain, 21; across 
the Mitchell river, near 'Tabber- 
abbera, 25; of group of beds at 
Maximilian Creek, 28; of the 
Snowy Bluff, 29; across the Mount- 
Tambo beds, 381; of the Foya dis- 
trict, 46; of drift-beds at Kilmaurs, 
140; of New Victoria Salt-Com- 
pany’s shaft, Northwich, 141; from 
Bala Lake to Pale Hill, 201 ; near 
Gelligrin, south of Bala Lake, 208 ; 
in Bodweni Wood, north of the 
Dee, 205; near Cwm-yr-Aethnen, 
205; at Cefn-bwlan, 206; south- 
west of Corwen, 207; -between 
Highcliff and Hengistbury Head, 
restored, 210; western termination 
of the Bournemouth marine series, 
925; in Alum and Whitecliff Bays, 
226; opposite the Marine Arsenal, 
Pernambuco, 239; from Valognes 
by Huberville and St. Martin d’ Au- 
douville to Crasville, 249; from 
Valognes to Pont-a-la-Vieille, 252 ; 
of gravel-and-sand pit west of 
Valognes, north of Yvetot, 252; 
from Valognes towards Pont-de- 
Six, 252; from Montebourg to Le 
Ham, 252; of sand-pit near Le Cap 


in Montmartin-en-Graignes, 257; 
from Ffernant Dingle to the Carbo- 
niferous limestone near Isallt, 269; 
from near Treffzarn Bridge to the 
north of Ford Bridge on the road 
from Haverfordwest to Fishguard, 
288 ; on N.E. side of Llyn Padarn, 
315; of pit to N.E. of summit of 
Twt Hill, 321; from Marden Hill 
to Hast Fen, 405; from West Fen 
to Hast Fen, 405; from Ty-y-cyw 
to Coed-y-gores, 477 ; from Rhymney 
Bridge to Coed-y-cwarel,478; along 
the Rhymney railway, from the 
Starting House, Heath Farm, to the 
edge of the southern escarpment of 
the Welsh coal-basin, 490; north 
and south through Culbone, 539; 
from Hulverton Hill, near Dul- 
verton Station, northwards to 
Wheddon Cross, and thence to 
Timberscombe, 534; north and 
south through Withycombe Farm, 
near Oare, 540; from Ashbrittle to 
Clatworthy in the Tone valley, 540; 
across N.E. end of Lilleshall Hill, 
646; through Lawrence Hill, 648 ; 
across the Wrekin, 649; of the 
Wrekin chain, 650; across Little 
Caradoe and valley to the south- 
east, 657; across Caer Caradoc 
towards its south-west end, 657; 
of the northern end of Barrington 
Pit, 671 ; in gravel-pit near Bally- 
galley Head, 679; of Twt Hill, 
Caernarvon, 683; N.H. of Twt 
Hill, Caernarvon, 683; at quarry 
above Yscuborwen, Caernaryon, 
683; at north-east end of Field 
Quarry, Twt Hill, 685; near Llan- 
deiniolen, 686; from Menai Bridge 
to Bryniau Bangor, 687; seen along 
shore of Menai Straits betweenGarth 
Point and Gored Gith, Bangor, 688 ; 
from road near Glan Adda, + mile 
S.W. of Bangor Station, due EH. 
across Bryniau, 690; in quarry on 
top of hill between Yscuborwen and 
Tygwyn, Caernarvon, 691; across 
Silurian rocks of W. of Ruthin, 
695; along the upper part of the 
Clwyd valley, 697 ; along the western 
coast of Dingle Promontory, showing 
the connexion of the Dingle beds 
with the fossilifercus Silurian below, 
702; across the Dingle Promontory 
from Brandon Head to Minard 
Head, showing the unconformity 
of the Old Red Conglomerate to 
the Upper. Silurian and Dingle 
beds, &e., 704; in the Tahilla river 
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near Sneem, showing junction of 
Carboniferous and Glengariff beds, 
709; from Mehal Head to Kenmare 
Bay, 710; showing the relations of 
the Glengariff series, Old Red Sand- 
stone, and Carboniferous in the 
S.W. of Ireland, 718; across the 
Killaries, from near L. Cunnel to 
Kylemore, 714; of volcanic beds in 
the hills west of the river Flesk, 
near Lough Athoonyastooka, 716 ; 
of the Parlour Cave, 725; in 
Cresswell Caves, 725, 726, 727, 
728; diagrammatic, across the yal- 
ley of the Amazon, 763, 775; of 
part of the Barreiras of Monte 
Alegré, 765; at Porto do Aleagre, 
769; of Abeila Cliff, below Jamary, 
770; at Maniwa, on the Purus 
river, 771; in the Berury Cliff, 
Purus river, 772; at Gayiao Bar- 
reiras, Jurua river, 772; vertical, 
of Old-Red-Sandstone strata on east 
side of Shetland, 784; across North- 
mayine from Ockren Head to Skea 
Ness, 788. 

Sedbergh and Kendal districts, Messrs. 
Bonney and Houghton on some 
mica-traps from the, 165. 

, mica-trap dykes near, 174. 

Sedimentary rocks, characters of, 336 

Seeley, Prof. H. G., on the evidence 
that certain species of Ichthyosaurus 
were viviparous, Proc. 104. 

——, on a femur and a humerus of a 
small mammal from the Stonesfield 
slate, 456. 

, on the Dinosauria of the Cam- 
bridge Greensand, 591. 

Serpentine of Lake Chebogamong, 58. 

of Melbourne, North America, 


59. 

, Palzeozoic fossils associated with, 
58. 

Severn valley, Eskdale- and Criffel- 
granite pebbles in the, 443. 

and Wye district, Upper Silu- 
rian series of the, 718. 

Sheibner, C. P., Esq., on Foyaite, an 
elxolitie syenite occurring in Por- 
tugal, 42. 

Shetland Isles, Messrs. Peach and 
Horne on the glaciation of the, 778. 

, list of fossil plants col- 
lected in the, 811. 

Shropshire, Mr. C. Callaway on the 
Pre-Cambrian rocks of: Part I., 
643. 

——, position of boulders in drift in, 
450. 

rocks, 
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on the microscopic structure of 
some, 662, 

Shrubsole, G. W., Esq., on the British 
Carboniferous Fenestellidse, 275. 
Siberia, Mr. H. H. Howorth on the 

mammoth in, Proc. t. 

Silicates, hydrous, Paleozoic fossils 
associated with serpentine and 
other, 58. 

Silurian, annelid-jaws from the, of 
Canada, 370. 

—— district, Mr. W. J. Sollas on the, 
of Rhymney and Pen-y-lan, Cardiff, 
475. 

——, Mr. T. Ruddy on the upper part 
of the Cambrian and base of the, in 
North Wales, 200. 

—— of La Manche, 263. 

of North Gippsland, ®. 

-—— rocks, Prof. T. M‘K. Hughes on 
the, of the valley of the Clwyd, 
694. 


, section across, of W. of 
Ruthin, 695. 

—— series, Upper, of the south-west 
of Ireland, relations of the, to those 
of the Silurian region of England, 
718. 

——-——, ——, representative beds 
of the, in Kerry, and Mayo and 
Galway, 715. 

Silurians, Cardiff, relations of the, to 
the Old Red Sandstone, 489. 

Skea Ness, section from Ockren Head 
to, 788. 

Sladen, W. P., Esq., on Lepidodiscus 
Lebouri, a new species of Agelacri- 
nitidz from the Carboniferous series 
of Northumberland, 744. 

Smerwick beds, 703. 

Sneem, plan and section in the Tahilla 
river, near, 709. 

, section at, 708. 

Snowy Bluff, section of the, 29. 

—-— ——, sketch section from, to 
Delegete Hill, 12. 

river, North Gippsland, 12; 
porphyries of, 20; section from 
the, to Marengo Creek, across the 
Wombargo mountain, 21. 

Solimé2s and Jayary rivers, Brazil, 
Mr. R. Etheridge on the Mollusca 
collected by Mr. C. B. Brown from 
the Tertiary deposits of, 82. 

, Mr. C. B. Brown on tho 
Tertiary deposits on the, in Brazil, 
76. 

Sollas, W. J., Hsq., on some three-toed 
footprints from the Triassic conglo- 
merate of South Wales, 511. 

——, on the Silurian district of 
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Rhymney and Pen-y-lan, Cardiff, 
475. 

Somerset, West, Messrs. Champer- 
nowne and Ussher on the structure 
of the Paleozoic districts of, 532. 

Sorby, Dr. H. C., Address on pre- 
senting the Wollaston Gold Medal 
to Prof. Ramsay for transmission 
to Prof. B. Studer, Proc. 31; Ad- 
dress on handing the Murchison 
Medal to Prof. Morris for trans- 
mission to Prof. M‘Coy, 31; Ad- 
dress on handing the Lyell Medal 
to Mr. W. W. Smyth for trans- 
mission to Prof. E. Hébert, 32; 
Address on handing the Bigsby 
Medal to Prof. Seeley for trans- 
mission to Prof. H. D. Cope, 33; 
Address on handing to Prof. Bon- 
ney the balance of the proceeds of 
the Wollaston Donation Fund for 
transmission to Mr. 8. Allport, 34 ; 
Address on handmg to Dr. H. 
Woodward the balance of the pro- 
ceeds of the Murchison Fund for 
transmission to Mr. J. W. Kirkby, 
35; Address on handing to Prof. 
Judd a moiety of the balance of 
the Lyell Geological Fund _ for 
transmission to Prof. H. Alleyne 
Nicholson, 36; Address: on pre- 
senting to Dr. H. Woodward a 
moiety of the proceeds of the Lyell 
Fund, 37. Obituary Notices of De- 
ceased Fellows, &c.:—Sir Richard 
John Griffith, 39; Mr. Robert 
Harkness, 41; Rev. W. B. Clarke, 
44; Dr. Thomas Oldham, 46; Mr. 
Thomas Belt, 48; Bartolomeo Gas- 
taldi, 50; Mr. Richard Daintree, 
51; Mr. Thomas Sopwith, 53; Mr. 
J.G. Sawkins, 54; Mr. John Samuel 
Dawes, 54. Address on the Struc- 
ture and Origin of Limestones, 
5G=952. ee 

South America, Prof. T. G. Bonney 
on some rocks from, 588. 

South-American geology, a contribu- 
tion to, by Mr. G. Attwood, 582. 

South-Scarle section, Mr. EH. Wilson 
on the, 812. 

Spherodus, fossil, of Malta, 529. 

Spherulitic and perlitic structures, 
Mr. F. Rutley on, in the lavas of 
the Glyder Fawr, North Wales, 
508. 

Sponges from beds of the Niagara 
formation, 51. 

Squalidee, fossil, of Malta, 528. 

Squalodon, sp.,from Malta, 525. 

Squilla, Dr. H. Woodward on a fossil, 
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from the London Clay of Highgate, 
549. 

Squilla, Dr. H. Woodward on the dis- 
covery of a fossil, in the Cretaceous 
deposits of Hékel, in the Lebanon, 
Syria, 552. 

Lewisti, 554. 

Wetherelli, 551. 

Stafford, position of boulders in drift 
around, 450. 

Staurocephalites niagarensis, 383. 

Staveley, mica-trap dykes near, 169. 

Steamboat Springs, Nevada, 391. 

Stelloria, 94. 

inerustans, 91. 

Stenopora, Prof. Nicholson and Mr. 
Rh. Etheridge, Jun., on the genus, 
Proc. 107. 

Stereodus melitensis, 527. 

Stomapod crustacean, Dr. H. Wood- 
ward on Necroscilla Wilsoni, a sup- 
posed, from the Middle Coal-mea- 
sures, Cossall, near Ilkeston, 551. 

Stonesfield slate, Prof. H. G. Seeley 
on a femur and a humerus of a 
small mammal from the, 456. 

Storrie, J., Esq., on the Triassic con- 
glomerate of South Wales, con- 
taining fossil footprints, 515. 

Strahan, A,, Esq., and Walker, A. O., 
Esq., on the occurrence of pebbles 
with Upper Ludlow fossils in the 
Lower Carboniferous conglomerates 
of North Wales, 268. 

Striated rock-surfaces, absence of, 
over the southern part of the 
boulder-strewn area of the west 
of England and east of Wales, 447. 

Stromatopora, definition of, 55. 

Stromatoporide, American, geologi- 
cal distribution of the, 57. 

, Devonian, Mr. A. Champer- 

nowne on some, from Dartington, 

near Totnes, 67. 

, Dr. J. W. Dawson on the mi- 
croscopic structure of, and on Pa- 
leozoic fossils mineralized with 
silicates, in illustration of Eozoon, 
48. 

Studer, Prof. B., award of the Wol- 
laston Medal to, Proc. 31. 

Syenite, Dr. C. P. Sheibner on an 
eleolitic, (Koyaite), occurring in 
Portugal, 42. 

Syngonosaurus macrocercus, Seeley, 
on the skeleton of, a Dinosaur from 
the Cambridge Greensand, 621. 

Syria, Dr. H. Woodward on the dis- 
covery of a fossil Squilla in the 
Cretaceous deposits of Hakel, in 
the Lebanon, 553. 
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Syringostroma, definition of, 56. 
Submergence, glacial, tabular view of 
the successive stages of the, 453. 
“Sulphur bank” of Lake County, 

California, 390. 

Tabberabbera, section across. the 
Mitchell river near, 25. 

Tablas, Puerto de, syenite from, 590. 

Tahilla river, plan and section in the, 
near Sneem, showing the junction 
of the Carboniferous and Glengariff 
beds, 709. 

Talcite of Normandy, 262. 

Tambo river, section and ground- 
plan of aphanitic dyke at Sandy 
Creek, on the, 14. 

Teesdale, Mr. C. TI. Clough on the 
Whin Sill of, as an assimilator of 
the surrounding beds, Proc. 100. 

Tertiary deposits, Mr. C. B. Brown 
on the, on the Solim6es and Javary 
rivers, in Brazil, 76. 

rocks of North Gippsland, 
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Thames brickearths, 417. 

Thamnastrea belgica, 92. 

Ramsayi, 92. 

Theriodont reptile, Prof. R. Owen on 
fragmentary indications of a huge 
kind of ( Titanosuchus ferox, Ow.), 
from Beaufort West, Gouph Tract, 
Cape of Good Hope, 189. 

Theriosuchus pusillus, 148. 

Thorness and Gurnet Bays, general 
section at, 343. 

Thracia ?, 84. 

Timberscombe, section through, 554. 
Tin-deposits of the Malayan penin- 
sula, Mr. P. Doyle on some, 229. 

Titanosuchus ferox, 189. 

Tone valley, description of the, 542. 

, section from Ashbrittle to Clat- 
worthy, in the, 540. 

Toronto, annelid-jaws from the Cin- 
cinnati or Hudson-river group at, 
oT4. 

Totnes, Mr. A. Champernowne on 
some Deyonian Stromatoporidz 
from Dartington near, 67. 

Treffgarn (Aryonian) rocks on Fish- 
guard road, 292. 

Bridge, section from near, to 
the north of Ford Bridge, on the 
road from Haverfordwest to Fish- 
guard, 288. 

Treglemais, Arvonian rocks 
Bryn, south-west of, 294. 
Triassic conglomerate, Mr. W. J. 
Sollas on some three-toed footprints 

from the, of South Wales, 511. 


near 
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Triassic rocks of Normandy, Mr. W. 
A. HE. Ussher on the, and their envi- 
ronments, 245, 

Trochoseris constricta, 93. 

Morrisi, 94. 

Trochosmilia varians, 90. 

Trow Hill, section through, 540. 

Trowse, near Norwich, Mr. H. B. 
Woodward on a disturbance of the 
chalk at, Proc. 106. 

Tubbut, 12. 

Twt Hill, Caernarvon, and Port Din- 
orwig, Prof. T. G. Bonney and Mr. 
F. T. 8. Houghton on the meta- 
morphie series between, 321. 

, section of north-east end 

of Field-quarry, 685. 

, section of pit to north- 

east of, 321. 

-, Caernarvon, section north- 


of, 683. 


beds, 682. 

Ty-Croes, microscopic structure of 
rock from near, 307, 308. 

Tygwyn, section between Yscuborwen 
and, Caernarvon, 691. 

Ty-mawr, Rhos Hirwain, microscopic 
structure of rock from near, 306. 

, section through, 686. 

Ty-y-cyw, section from, to Coed-y- 
gores, 477. 


Uldale Head, mica-trap dyke at, 175. 

Unio, 84. 

United States, Canada and the, Mr 
G. J. Hinde on Conodonts from the 
Chazy aud Cincinnati group of the 
Cambro-Silurian and from the 
Hamilton and Genesee-shale divi- 
sions of the Devonian in, 351. 

Upata, quartzite from near, 
quartz-diorite from, 589. 

Ussher, W. A. H., Hsq., on the Pleisto- 
cene history of Cornwall, Proc. 6. 

, Pleistocene notes on the Cornish 

coast near Padstow, Proc. 5. 

, on the Triassic rocks of Nor- 

mandy and their environments, 

245. 

, and Champernowne, A., Esq., 

on the structure of the Palzozoie 

districts of West Somerset, 532. 


589 ; 


Valognes, grayel-and-sand pit west 
of, 252; section from, to Crasville, 
249; section from, to Pont-a-la- 
Vieille, 252; section from, towards 
Pont-de-Six, 252. 

Veetisaurus valdensis, Mr. J. W. 
Hulke on, a new Wealden Dino- 
saur, 421. 
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Venezuela, table of latitudes, longi- 
tudes, and elevations in part of, 
583. 

Vertebrata, of the Miocene beds of the 
Maltese islands, Prof. A. L. Adams 
on remains of Mastodon and other, 
517. 

Victoria, Mr. A. W. Howitt on the 
physical geography and geology of 
North Gippsland, 1. 

Voleanic deposits of North Gippsland, 
35. 

ejectamenta, characters of, 336. 

products of the Dingle and 

Killarney districts, 715. 

series near Bangor, 687. 


Wales, erratic blocks or boulders of 
the east of, 425. 

, North, boulder-dispersion in, 

439. 


, Kirkeudbrightshire boul- 
der-dispersion in, 439. 

, Messrs. Strahan and Wal- 
ker on the occurrence of pebbles 
with Upper Ludlow fossils in the 
Lower Carboniferous conglomerates 
of, 268. 


, Mr. T. Ruddy on the upper 
part of the Cambrian and base of 
the Silurian in, 200. 

—, South, Triassic conglomerate 
of, Mr. W. J. Sollas, on some three- 
toed footprints from the, 511. 

Walker, A. O., Esq., and Strahan, A., 
Hsq., on the occurrence of pebbles 
with Upper Ludlow fossils in the 
Lower Carboniferous conglomerates 
of North Wales, 268. 

Wartle-Knoll group, characters of the 
rocks of the, 660. 

Warwickshire coal-field, Mr. 8. All- 
port on the diorites of the, 637. 

diorites, microscopic structure 
of, 638. 

Wattle Gill, Westerdale, mica-trap 
dyke at, 178. 

Wealden Dinosaur, Mr. J. W. Hulke 
on Vectisaurus valdensis, a new, 
421. 

Welsh coal-basin, section along the 
Rhymuey railway, from the Starting 
House, Heath Farm, to the edge 
of the southern escarpment of the, 
490. 


boulders 


Frankton, Arenig 
around, 444. 

Wenlock Limestone, notes on, in the 
Cardiff area, 500. 

Westerdale, mica-trap 


Weide 


dykes in, 
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Wheddon Cross, section from Hul- 
verton Hill to, and thence to Tim- 
berscombe, 534. 

Whin Sill of Teesdale, Mr. C. T. 
Clough on the, as an assimilator 
of the surrounding beds, Proc. 100. 

Whitecliff Bay, section at, 226. 

Wichmann, Dr. A., a microscopical 
cae, of some Huronian clay-slates, 

56. 

Wilson, H., Esq., on the South-Scarle 
section, 812. 

Windermere station, mica-trap dyke 
near, 168. 

Wirral, Kirkcudbrightshire boulder- 
dispersion over the peninsula of, 
433. 

, dispersion of Cumberland boul- 
ders over the peninsula of, 441. 

Withycombe Farm, near Oare, section 
north and south through, 540. 

Wollaston Donation-fund, award of 
the, to Mr. 8. Allport, Proc. 34. 

Medal, award of the, to Prof. 
Bernhard Studer, Proc. 31. 

Wolverhampton, position of boulders 
in drift around, 450. 

, terminal concentration of Criffel 
boulders W.S.W. and north of, 
436. 

Wombargo mountain, 12. 

, North Gippsland, section 
through, 21. 

Wonangatta river, 12. 

Wongungarra river, 12. 

Woodgate quarry, rock from, 668. 

Woodward, Dr. H., award of the Lyell 
Geological Fund to, Proc. 37. 

, contributions to the knowledge 
of fossil Crustacea, 549. 

—, on a fossil Sgwilla from the 
London clay of Highgate, 549. 

, on Necroscilla Wilsoni, a sup- 

posed Stomapod crustacean, from 

the Middle Coal-measures, Cossall, 

near Ilkeston, 551. 

, on the discovery of a fossil 

Squilla in the Cretaceous deposits 

of Hackel in the Lebanon, Syria, 

552. 

, on the occurrence of a fossil 

King-crab (Limulus syriacus) in the 

Cretaceous formation of the Leba- 

non, 554. 

, on the occurrence of Branchipus 

(or Chirocephalus) in a fossil state, 

associated with Hospheroma, and 

with numerous insect-remains, in 
the Hocene freshwater (Bembridge) 

Limestone of Gurnet Bay, Isle of 

Wight, 342. 
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Woodward, H. B., Esq., on the dis- 
turbance of the chalk at Trowse, 
near Norwich, Proc. 106. 

Wrekin axis, relations of the, to the 
flanking deposits, 651. 

chain, longitudinal section and 

ground-plan of the, 650. 

, characters of the rocks of the, 
649. 

——.,, quartzite of the, 666. 

, section across the north-east 

end of the, 649. 

, section through the, 650. 

and Caer-Caradoc chain, physi- 
cal geography of the, 644. 

—— and the Lawley, district between 
the, characters of the rocks of the, 
654. 
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Wrockwardine, rhyolite from, 666. 

—— mass, lithological and stratigra- 
phical characters of the rocks of 
the, 652. 

Wye and Severn district, Upper Silu- 
rian series of the, 718. 


Yellow Cove, section through, 702. 

Yr Hengoed, section through, 695. 

Yscuborwen, Caernarvon, plan of 
quarry above, 684; section at quarry 
above, 683; section in quarry be- 
tween, and Tygwyn, Caernarvon, 
691. 


Yvetot, gravel-and-sand pit north of, 
252. 


Zygobatis, 88. 
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